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COLOR REMOVAL FROM DYE AND SUGAR WASTEWATER USING 
COAGULATION AND MICROFILTRATION PROCESSES 
 
 
 
 
SAKETH THANNEERU 
 
 
 
ABSTRACT 
 
 
 
 
The water is widely used in process industries, but its use is not always made in a rational 
way. Due to the growing demand for water by the people and industries, it is necessary to 
consider the new problem of water supply. Water contamination by organic and inorganic 
compounds is of great public concern. The textile and sugar industry are the major 
producers of the wastewater with a varying parameters. Even though there are new 
technologies for color removal till this date coagulation is seen as the most economical 
alternative to all technologies present now. In this thesis we study the performance of this 
two stage filtration with a matrix of dyes and coagulants.  
Coagulation even though being one the first and most conventional treatments discovered 
a long time ago is still being used after so many years of research as it qualifies as the most 
economic primary treatment. Microfiltration is one of the new age technologies which is 
considered as one of the most efficient technologies at present. This thesis will be aiming 
at the results of these combined processes. 
vii 
 
The industrial effluents have a lot of foreign particles which may affect these processes in 
a positive or a negative way. In such a scenario studying the processes gives us an idea of 
the treatment behavior in real time.  
The thesis aims at also studying the effect on the performance of the two filtration processes 
in presence of sugar. The turbidity and transmittance reading are being taken to assess the 
performance and the color removal from the aqueous solution of these dyes with sugar.  
 
 
Keywords: dye, coagulation, two stage filtration, water, color removal  
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CHAPTER I  
INTRODUCTION                     
 
1.1 INTRODUCTION 
 
In this contemporaneous day the global economy is confronted with the energy insecurity 
and the corollaries of the environmental pollution. The most evident consequence is seen 
on the water environment. In 2005, United States estimated water usage was found out to 
be 410 billion gallons per day (Bgal/d), of this 80% of the water withdrawals were from 
surface sources and a 19% from groundwater sources. [1] The energy consumption for 
moving and treatment of water and wastewater was estimated to be 2% of total U.S. 
electricity use goes towards, a 52% increase in electricity use since 1996. The groundwater 
supply requires 2,100 kilowatt-hours per million gallons which is a palpable increase of 
about 31% from surface water supply predominantly due to higher raw water pumping 
requirements for the systems. The energy consumption prediction show disquieting 
numbers of about 36 billion kWh by 2020 and 46 billion kWh by 2050. These numbers 
predict a humongous environmental burden, which will directly impact all types of fuels – 
fossil, nuclear, hydropower, solar etc. [2] Currently non-point source pollution is identified 
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as the principal source of pollution in U.S. an estimated 40% of the streams, rivers and 
lakes are not clean enough to meet basic uses such as swimming or fishing. 
. The water is widely used in process industries, but its use is not always made in a rational 
way. Due to the growing demand for water by the people and industries, it is necessary to 
consider the new problem of water supply. Manufacturing and change manufacturing 
processes has led to an increase in sewage discharge into the environment that cause water 
pollution size is estimated that more than 80% of the wastewater generated in all parts of 
the world are not collected or processed. Water contamination by organic and inorganic 
compounds is of great public concern. Organic matter from wastewater is very 
heterogeneous, containing molecules of various molecular weights, ranging from simple 
compounds such as acetic acid, to very complex polymers 
In current consumer world there is a lot of demand of colored products such as clothes, 
colored foods even medicines. Archaeological evidences showcase dyeing has been widely 
carried out for nearly 5000 years. [3] The first impact of coloration of water is the aesthetics 
followed by the effect of the source of color. The existence of color in water is essentially 
due to the dissolved and suspended particles present in the water. World Bank estimates 
20% of the water pollution is due to textile dyeing industries. Dyes being one of the 
challenging issues in wastewater treatment. The industrial dye wastewater contains high 
range of BOD, COD, pH, turbidity, temperature, acids, heavy metals and toxic substances. 
[4] The characteristic of each dye wastewater depends on the products and process. [5]  
Wastewater from the sugar industry, if discharged untreated, poses problems of pollution 
in aquatic and terrestrial ecosystems. In this review, sources of wastewater generation of 
the sugar industry, features, recent advances in aerobic, anaerobic, and technologies of 
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physical-chemical treatment, and areas for further research are explored. Investigating the 
possibility of re-use of treated wastewater. Most of the research has been performed on the 
sewage treatment of the sugar industry by anaerobic treatment processes. However, oils 
and fats do not easily decompose by anaerobic processes. 
 
1.2 OBJECTIVE  
 
In terms of providing a statement of objective for this thesis to highlight its objectives 
would be in the following manner: Observing and studying the color removal of different 
aqueous solution of dyes against different coagulants in presence of sugar. 
In lieu of the above statement following objectives are to be considered: 
1 Evaluation of the removal of suspended particles in the samples through 
turbidity readings and comparison with the varying dosages of coagulants and 
the varying the presence of sugar in the samples. 
2 Studying the extent of color removal through transmissivity results and further 
calculating percentage removal and plotting the behavior against the dosages of 
coagulant and sugar three categories of low, medium and high strength of dyes. 
3 Consider secondary treatment to improve the results and achieve high removal 
percentage with microfiltration. Thus the treatment is expected to produce high 
quality effluent. 
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1.3 DYES IN WATER POLLUTION 
 
Textile industries are is the most essential sector in the world in this day. But this sector 
involve a lot of usage of humongous volume of water consumption and the non-consistent 
characteristics of the effluent produced by these industries are due to various factors such 
as dyes biocides, carriers, detergents, etc. are the factors that have engaged the search for 
fitting technologies to treat these wastewaters. The industries involved in dye production 
and usage are high in color and organic content. [6] An estimate of 10,000 different 
commercial dyes and pigments exist, and in excess of 7 × 105tons are produced yearly 
globally and an estimation of about 10-15%of these dyes are flushed as effluents during 
the industrial processes. [7]  
Dye induced effluents are generally not acquiescent with biological wastewater treatment 
due to their intractable and inhibitory nature since all dyes have synthetic based origins and 
rather complex aromatic molecular structures, making them achieve higher stability and 
difficult to biodegrade [8]Dyes have such delinquent nature due to the following two 
reasons, first several classes of dyes are deemed to be carcinogens or mutagens by many 
authorities and second being the high coloring nature causing esthetic damage. [9] 
Dyes are categorized according to their behavior of separation in aqueous solution as 
follows. Cationic contain elementary dyes, anionic consist of acidic, direct and reactive 
dyes while nonionic include disperse dyes. [10] 
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1.4 COAGULATION ROLE  
 
With an exception of few structured dyes totally azo dyes show resistance biodegradation 
using aerobic sewage plants. [11] Each treatment system has its merits and demerits for 
example fouling problems have been seen in membrane technology and in adsorption has 
limitations of regeneration and filtration. With coagulation and flocculation having a 
demerit of high sludge production [12]but it can be used as a primary stage before other 
secondary treatments such as adsorption etc to obtain 100 percent removal as no one 
technology can achieve complete removal of color. [10] 
No modern water treatment, coagulation and flocculation remain integral components of 
the overall suite of treatment processes - for understandable reasons, since the period from 
1989, the regulatory limit in the United States by the turbidity of treated water has gradually 
declined from 1.0 NTU in 1989-, 3 NTU today Many water utilities are committed to 
consistently produce treated water turbidity of less than 0.1 NTU to be protected from 
contamination by pathogens. 
6 
 
 
 
 
 
 
 
CHAPTER II  
DYE LITERATURE REVIEW 
 
2.1 DEFINITION OF DYE 
 
Dyes can be said to be colored, and ionizing organic aromatic compounds which shows 
the convergence toward the substrate, which is being applied. Are generally applied in an 
aqueous solution that is. Dyes may also require mordant to improve the stability of the 
dye on the material that is applied. Dyes within a sub-category known as colorants, and 
entities that emit light within the visible range (400-700 nm). Most of the colorants can 
be described as the chemical structures of organic and inorganic, is also divided into two 
types, dye or dyes. Has been identified as a group of dyes, pigments that are side by side 
with many of the complexes or substrates, while developed dyes or composite substrate. 
At the most basic level, to identify the various components of the tissue-slice can be 
mainly used by the color dyes to achieve. Although there are other methods, dyes, 
however, can easily manipulate our favorite largest group. The dye is applied to many 
substrates, such as textiles, leather, plastic, paper and the like. Liquid form. One feature 
of the dye is that the dye must be completely or at least partially soluble in which it is 
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placed. We apply the rules to other chemicals are also equally applicable to a dye. For 
example some dyes can be toxic, carcinogenic or mutagenic and may harm health. 
 
2.2 HISTORY OF DYES 
 
Preparation and application of the dye is one of the oldest forms of human activity. Where 
the evidence is in the archaeological site, where the ancient fabric found in the excavation 
unearthed. It is also mentioned in the Bible and other works of classical antiquity. It is 
found in the earliest written records in the dye used in China in 2600 BC. William Perkin 
18-year-old student was working on chemical synthesis of natural products. In a classic 
case of serendipity, young William Perkin accidentally on his now famous 'aniline Mauve' 
colors, while trying to synthesize quinine, the only cure for malaria. Perkin named their 
color Mauveine, after the French name of non-fast colors, made from natural colors. So, 
"Mauve" (base color) was the first synthetic dyes. Mauve is a derivative of tar. It was the 
first mass-produced pigment, which is available on the market, and the idea was born that 
the color can be factory. However, did not occur in the presence of the United States of dye 
until the following World War I, German submarine German trading port into the United 
States Army and money dyes. Specifically, the presence of an important turning point in 
the dye is a patented dye through foreign custodian property transferred to the Allies. 
Throughout the twentieth century, in the process, was documented that many companies, 
including DuPont, work very seriously and trying to start manufacturing in the United 
States. In fact, it was noted that DuPont spent $ 43 million dollars before profits earned 
synthetic dyes. By the 1960s, 50 ~ 60% of all production in the United States produce dyes 
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by four companies. While during recent history it has been documented that there are no 
current standing major dye companies present in America. 
2.3 CLASSIFICATION OF DYES 
 
There are several ways to dye classification. For example, they may be classified by the 
type of fiber, such as dyes for nylon, cotton dyes, dyes for polyester, and the like. Dyes can 
also be applied to a method in accordance with their substrate. Such a classification would 
include direct dyes, reactive dyes, vat dyes, disperse dyes, azoic dyes, and several types. 
 There are two major classifications of color-chemical Environmental Protection Office of 
the toxic substances classified fourteen different types on the basis of chemical 
composition-acid, direct (material), without life, disperse, sulfur, fiber reactive, basic, 
oxidation, sarcastic (Chrome), developed, VAT, pigments, optical fluorescence, and color 
of the solvent. This text will describe six of the fourteen major types of color. Acid dyes 
have been described as of sulfuric acid or phenol group is the sodium salt, to determine the 
color of the dye moiety. Dye acid gets in the thermal component with either salt or acid 
dye. Examples of acids include yellow maritus, naphthol yellow and orange II (8). In 
addition, acid dyes are dyes of higher molecular weight classification, which led to the 
development of fiber is soluble dye molecule Xingse fiber In the largest of the reaction 
temperature between 39 ° C operation. Acid dye further divided into three categories 
nitrogen, anthraqunione, and methane triaryl (12). 
In contrast, direct dye is applied to a particular set of fiber fabric or other electrolytes used 
ionic salt, where the physical properties of the dye in solution with cold water (12) of the 
high solubility of the dye help. Direct dyes include azo dyes, and stepped series of synthetic 
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compounds on cellulose (6). Absorption through the use of an electrolyte, and is known as 
the unique characteristics of convergence, and direct dyes are applied only cellulosic 
materials, such as cotton, jute, viscose, or paper. The application of the convergence is 
happening inside the open space of the cavity is removed to increase the size of the dye 
molecules of the fibers using a very large amount of water or any agent and fixed 
permanently to the fabric (13). And formed a means (12) between the fiber is soluble dye 
molecules by combining two soluble at a temperature of 16 to 27 degrees on the azoic dyes. 
Disperse dye is the forty-fourth means for the classification of Applied colloid melting 
capacity and low in the dye bath in the absorption process within the combined properties 
of tissue, such as nylon, polyester entities. The process begins by the use of high 
temperatures to transfer dye from the dye is an integral part of a solid to a gaseous state the 
purpose of the object Fabrics. Once the dye has been embedded in the fabric, which is then 
cured by condensation of the colloid, and the dye portion (12) is permanently formed. 
Sulfur is applied to a series of cotton and rayon fabric, through the reduction of water 
soluble dye transfer to an insoluble form of the dye oxidation. Fiber reactive dyes are a 
series of dyes form covalent bonds with the fiber elements (12). 
In the generation of waste, the EPA has classified as textile dye wastewater is divided into 
four parts scattered, difficult to treat, high capacity, harmful and toxic. When the dye has 
become used to be known dispersion of waste from a variety of treatments, such as 
finishing, dyes, printing, as well as the preparation, mechanical cleaning, pastes and 
integrated solutions in collaboration unprocessed. To disperse the waste solution is 
typically 2-fold: first, to be able to capture a textile plant waste from various processing or 
(12) the physical machine to be used is removed from the plant or combined stream. 
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Another solution is to develop pollution prevention methods. Later chapters discuss 
pollution prevention methods. 
Waste is difficult to treat a series of textile waste from the plant is very difficult process, 
which fold inwardly toward an obstacle such waste removal plant. Most rigid treatment of 
waste is classified as a normal non-biodegradable or inorganic due to the fact that the 
biological processes cannot reduce its concentration. When these waste streams through a 
sewage treatment plant input, they will pass the activated sludge wastewater treatment and 
other processing units. Some of the major waste, such as color, metal, surface active agent 
and toxic compounds are considered examples of hard-to-treat wastes. These major waste 
categories derive from dye and printing. High-volume wastes such as wastewater, salts, 
and knitting oils is the category of waste that is generated in the highest quantity (12). 
2.4 DYE COLOR REMOVAL TECHNOLOGIES 
 
While the treatment used within this system is electrocoagulation-electrofloation, it is 
important to still consider alternative treatment methods that have been employed.  
2.4.1 BIOLOGICAL TREATMENT  
 
2.4.1.1 DESCRIPTION OF CONVENTIONAL AEROBIC TREATMENT  
 
One of the more common methods of treatment is the use of biological treatment. The 
attraction to this method is due to its capability of microorganisms of being able to 
mineralize organics naturally, i.e. providing a mutual benefit for both the treatment plants 
and also the organisms itself—waste is used as a food source, while it is converted into a 
form suitable for discharge with little or minimum cost. In general, the major difference in 
treatment processes depend on whether or not molecular organic is present as in aerobic 
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treatment, or absent as in anaerobic. When deciphering between the two, one should 
consult the necessary treatment objectives simply because the two conditions differ based 
on sludge age and production, removal, and the production of additional compounds such 
as methane or other acids (28).  
There are two major classifications of aerobic treatment—activated sludge and trickling 
filter. Activated sludge is the use of a suspended growth that provides intimate contact 
between microorganisms and organic constituents. The use of air, whether through natural 
ventilation or artificially by a mechanical device such as a blower, provides the mechanism 
that initiates contact between food and microorganisms. Ideally, the goal is to reduce the 
biochemical oxygen demand (BOD5) that is developed from the production of waste from 
various industries. The EPA has stated that within the textile industry activated sludge can 
be achieved at efficiencies as high as 95%. For the purpose of developing nitrification or 
an increase in intimate contact, one can consider the use of extended aeration. Extended 
aeration is beyond the conventional 6-8 hours sludge retention time, where it can be 
extended up to three days. Advantages of this additional time increases the metabolism of 
organic compounds in the reactor where more than 75% of components can be effectively 
used and reduce the amount of waste generation. For effective treatment, it has been stated 
that if treatment has an N to BOD ratio of 3-4 lb. N/100 lb. of BOD treatment and dissolved 
oxygen concentration is maintained around zero within aeration basins. 
Attached growth, the antecedent to suspended growth, comes in the form of a trickling 
filter. Trickling filter provides media by which endorses microbial growth, where examples 
include crushed stone, slack, or other inorganic materials. When water enters from the top 
of the system, it makes contact with the media, whereby initiating growth of 
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microorganisms and removal of organic materials. Because of the structure of the trickling 
filter, it is necessary that a trickling filter requires the use of recirculation or the recycling 
of the return of treated wastewater back into the filter for the purpose of maintaining 
sufficient aeration and also retains moisture of the media without compromising the loss 
of microorganisms. One can say that removal efficiency is integrated with the BOD loading 
rate. Within the textile industry, 10-90% of treatment can be achieved by a trickling filter 
(28).  
Nevertheless, treatment made by using biological means has been criticized due to its 
limitation of biodegradability by microorganisms, particularly due to the xenobiotic 
components that can be found within biological treatment processes (29). This was 
concluded by Zhao and Hardin which only saw a 50% removal of color (30).  
However, it has been observed that the use of conventional biological methods is incapable 
of removing dye from wastewater due to the presence of many organic contaminants (13). 
This is due to the fact that organic compounds within dyes are very instable and have high 
resistance to organic matter decomposition (31). The chemical composition of the dye is 
very difficult for the bacteria to be able to degrade down which is why it is difficult for 
conventional biological treatment to be used for the treatment of dye wastewater (32). For 
example, experiments done by Sanayei et al. concluded that through a sequencing batch 
reactor for treatment of reactive dye Cibacron Yellow FN_2R could only achieve color 
removal within the range of 31 to 67% (33).  
 
2.4.1.2 DESCRIPTION OF CONVENTIONAL ANAEROBIC TREATMENT  
 
As stated earlier, the differences in biological treatment is contingent upon the presence or 
absence of molecular oxygen. With the absence of molecular oxygen, anaerobic conditions 
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persist. Within this particular treatment condition persist, the presence of microorganisms 
that will use alternative sources of oxygen (such as sulfates, nitrates for example) and 
convert organics into organic acids and alcohols. Further conversion of these constituents 
would happen into methane and carbon dioxide. Anaerobic treatment can be considered in 
many instances preferable over aerobic conditions due to its ability to reduce waste and 
produce an entity that can be used as a valuable resource (28). 
The method of sequencing batch reactor is such that all processes of aeration, 
sedimentation, and clarification happen within the same reactor. One cycle involve five 
stages—fill, react, settle, draw, and idle. Within the fill stage, the reactor begins by 
applying the substrate or wastewater into the reactor until approximately 25% of the reactor 
volume has been achieved. Alternating presence of aeration occurs throughout this 
particular stage. Once the fill capacity has been achieved, the react stage pertains to the 
point the reactor where biological reactors happen; in order to retain aerobic conditions 
throughout this particular point in the cycle, dissolved oxygen concentrations must remain 
optimum to allow for the reactions to maintain themselves in the reactor. The reactor 
spends approximately 35% of the treatment time within the react stage. Following the react 
stage, the reactor shifts to the settle period where for one to two retention time solids are 
allowed to settle inside the reactor. The final two points inside the reactor, draw and idle, 
use a series of mechanical methods such as weirs to discharge clean water from the system, 
while idling prepares reactor transition points (58).  
Some of the advantages of using sequencing batch reactors include the 
compartmentalization of the one container which allows for cost-savings. As stated 
previously, aeration, sedimentation, and clarification happen simultaneously (57). In 
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addition, an advantage for high BOD such as dye wastewater, no return sludge, and 
capability to control undesired filamentous growth can allow sequencing batch reactor to 
be a favorable method (58). However, one must balance the potential of additional solids 
such as floatables to be discharged during the draw stage, increasing demands in 
maintenance, and meticulous design specifications may make this method disadvantageous 
(57).  
A membrane bioreactor (MBR) is described as the hybrid of a biological reactor combined 
with a membrane process. When considering the use of the membrane processes, the 
wastewater carrying the pollutant passing through the membrane. This membrane is 
cellulose based made up of 1 micron wide diameter pores, where the pollutants travel 
through the membrane for the purpose of further disposal of pollutants. Because of this 
small diameter, any other additional components that cannot be filtered would require 
additional treatment. Treatment occurs by using a vacuum pressured system to push the 
wastewater across the membrane surface. The system also involves uses a backwashing 
technique, where air blows around the membrane for the purpose of reversing the water 
back through the membrane for the purpose of cleaning the membrane (59).  
It has been recognized that there are two major types of configurations—hollow fiber 
bundles and plate membranes. Each of the two configurations involves connectivity to a 
manifold—the hollow fiber configuration is connected in bundles, while the plate 
membrane is connected within a series of plates to provide an opportunity to add several 
membranes together (59).  
In regards to treatment, Yang et al. treated dye wastewater by the purpose of using a micro-
filtration membrane that consisted of a particle-size range between 1 and 50 microns, with 
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a range in diameter between 20 and 40 microns. The authors experienced removal of COD 
at 85%, TOC between 85 and 90% and a 70 % color removal (60). Hai et al. treated dye 
wastewater using Coriolous veriscolor for the purpose of using a micro-filtration 
membrane, where it was determined that the optimum treatment parameters were a TOC 
concentration of 2 g/L, dye concentration of 100 mg/L, temperature of 29 degrees Celsius, 
and a pH around 4.5, resulted in removal efficiencies of 97% TOC and 99% color during 
a 15 hour hydraulic retention time (HRT) and a rate flux of 0.021 m/d (61).  
A final alternative to conventional biological treatment involves the use of fungi. Fungi 
treatment is a viable treatment option due to its ability of its application to both live and 
dead cells (62).When fungi is live, it is advantageous because of its ability to produce 
enzymes such as laccases and manganese peroxidases due to the fact that they are capable 
of breaking down the difficult aromatic ring structures, catalyzing the reduction of the 
molecular structure (63). Ultimately, white rot fungi are capable of mineralizing these dye 
structures by means of applying towards enzymes (62). Alternatively, dead cells would be 
able to be used for biosoprtion, combining physico-chemical methods, including 
adsorption, deposition, and ion exchange (62). In order to optimally treat fungi, one must 
consider the following growth conditions--the particular type of medium, carbon sources, 
nutrients (nitrogen), oxygen, pH, incubation time, and temperature (62).One of the 
drawbacks of using fungal bacteria is that activity has the disadvantage of inhibiting the 
degradation of the molecular structure of dyes. Also, fungal treatment may not be 
advantageous due to the rate of reaction which may be a slower process of treatment (63).  
There have been various adaptations throughout literature of using fungal treatment. 
Wesenberg et al. studied the removal of dye wastewater by means of the use of Clitocybila 
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dusenii and the laccases of Manganese peroxidase (MnP) (64). Fu and Viraraghavan 
removed Congo Red by the means of NaHCO3 pretreatment along with the inclusion of 
Aspergillus niger, having considered the pH and kinetic and isotherm studies, where the 
optimum pH is 6, following the Radke-Prausnitz model, and adsorption capacities were 
13.80 mg/g for granular activated carbon and 16.81 mg/g for powdered activated carbon 
(62).  
Cing et al. removed 95% of textile dye from wastewater by the use of Phanerochaete 
chrysosporium during a treatment time of one day and optimum temperature of 30 degrees 
Celsius (65). Maximo et al. completed the use of Geotrichum sp. for the purpose of treating 
Reactive Black 5, Reactive Red 158 and Reactive Yellow 27. Treatment time was reduced 
by 3/4ths of the original 20 hour treatment time when applying this fungal species to 200 
mg/L of the dyes, specifically Reactive Black 5 dye (66). Using the strain Euc-1, Dias et 
al. was successful in decolorizing 11 of 14 azo dyes (specifically completely decolorizing 
azo dye acid red 88) within optimum pH values of 4 and 5. Decolorization of white rot 
fungi Phanerochaete chrysosporium and applying a glucose concentration of 2 g/L (67). 
Demir et al. was able to decolorize Remazol Red RR Gran where temperatures between 50 
and 60 degrees for laccase activity (68). Shin used the white rot fungus Irpex lacteus for 
the purpose of decolorizing by shaking in 59% and stationary at 93% within 8 days (69). 
Maximo et al. decolorized Reactive Black 5 by means of Geotrichum sp. CCMI 1019 
within stirred tank reactors and two bubble columns, using porous plates and aeration tubes, 
where manganese peroxidases was found at high values within both stirred tank reactors 
and aeration tube bubble columns (70). Fang et al. combined the use of microbial species 
combining various fungi and bacterium for the purpose of decolorizing Direct Fast Scarlet 
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4BS using polyvinyl alcohol, where the optimum conditions were 5-8 in pH, temperature 
range between 25 and 40 degrees Celsius, and a dye concentration of 100 mg/L (71). He et 
al. followed by using white-rot-fungus and Pseudomonas treated Direct Fast Scarlet 4BS 
consented with this authors having a pH between 4 and 9, temperature range between 20 
and 40 degrees C, and a dye concentration of 1000 mg/L (72). Amaral et al. used Trameters 
versicolor for the purpose of decolorizing textile dye by comparing looking at the 
application of glucose, where the decolorization was 97%. (73)  
Park et al. decolorized Acid Yellow 99, Acid Blue 350, and Acid Red 114 by means of 10 
various fungal strains, where the optimal fungal strain was Trameters versicolor KCTC 
16781 (74). Yu and Wen removed Reactive Brillant Red K-2BP using P. rugulosa Y-48 
and Candida krusei G-1 at various concentrations. At 200 mg/L of dye concentration, 99% 
decolorization occured at 24 hours, and at 50 mg/L dye concentration P. rugulosa Y-48 
could be removed between 22-98% and C. krusei G-1 between 62-94% (75).  
Koseoglu and Ileri used three various fungi, P. chrysosporium, Trametes versicolor, and 
Pleurotus sajur-caju indicated various decolorization effciencies. Decolorization was 
determined by the use of measuring at various wavelengths. For example, P. chrysosporium 
was decolorized between 66-77% at 436 nm, 64-79% at 525 nm, and 69-75% at 620 nm, 
while T. veriscolor achieved 71-84% at 436 nm, 72-85% at 525 nm, and 70-80% at 620 
nm, and P. sajur-caju 74-80% at 436 nm, 75-81% at 525 nm, and 72-78% at 620 nm (76). 
Payman and Mahnaz were capable of removing textile wastewater by means of using 
Aspergillus Niger and a fungal species from the Gorgan bay, removing 90-95% of color 
from dyes (77). Other dyes that have been used to decolorize dye wastewater include the 
use of white rot fungus Trametes versicolor (78), Aspergillus niger for the treatment of 
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Basic Blue 9 under various initial pH values (79), lignin peroxidase (LiP) from 
Phanerochaete chrysosporium was capable of decolorizing about 85% of dyes (80), and 
Soares et al. used commerical laccase for the purpose of treating Remazol Brilliant Blue R 
(RBBR) (81). Other authors studied Apergillus Niger in textile wastewater treatment (82). 
2.4.2 ACTIVATED CARBON  
 
One of the more common methods of treatment is the use of activated carbon, where it has 
been observed that activated carbon can be formed by taken a given carbon source through 
a method such as pyrolysis and then conduct an activation process by means of oxidation. 
Pyrolysis plays an important role within the formation of activated carbon as it is completed 
within a high temperature range (400 and 1000 degrees Celsius) without the presence of 
air (9).  
A very important feature within activated carbon is the discussion of equilibrium isotherms. 
Equilibrium isotherms are used to identify the rate when the material remains within the 
pores of the activated carbon when reaching equilibrium. There are several different 
isotherms, where the more common are Langmuir, Brunauer-Emett-Teller (BET), and 
Fruendlich. The following equations summarize the three isotherm equilibrium equations:  
Langmuir describes conditions where molecules from the solute can only be adsorbed on 
a monolayer surface (9).  
qe = QbCe/(1+ bCe) (6) (109)  
where  
qe is the ratio of solute that has been absorbed per gram of activated carbon  
Q is the mass of solute adsorbed per gram of activated carbon within the monolayer  
Ce is the solute concentration within the solution  
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b is a constant of net enthalpy of adsorption  
BET extends the Langmuir towards various layers where the Langmuir isotherm applies to 
each individual layer, while Freundlich isotherm application is applied to a heterogeneous 
surface: qe = KfCe(1/n) (7) (109)  
Where  
Kf is a sorption capacity constant  
1/n describes adsorption favorability, where <1 is unfavorable, greater than 1 is favorable, 
and 1 is linear.  
One of the more common adsorbents is granular activated carbon (GAC) in the hope of 
further reducing heavy metal concentrations. In particular, activated carbon follows the use 
of adsorption, or the process of retaining particulates within the pore sizes of a given 
material. There are various types of granular activated carbons that are used for the purpose 
of applying towards wastewater. Fresh and spent carbon sources consist of the material that 
will compose of an activated carbon treatment process where wastewater is applied 
vertically by either the use of pressure or gravity applied into a fix-bed column which 
houses the carbon material. The carbon itself is contained at the bottom. When wastewater 
is applied to the reactor, organic constituents affix themselves to the walls of the pores, 
where the wastewater will remain within the column until the concentration reaches the 
water quality standards. Following such treatment, carbon is then removed and then 
oxidized for the purpose of removing the carbon present within the pores. An alternative 
to using thermal treatment is the process of applying backwash for the purpose of treating 
the wastewater (10).  
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There have been different types of application when it comes to treatment of dye 
wastewater by activated carbon. Literature within the last three years has suggested that 
either the adsorbent type has changed or the conjunction of activated carbon with another 
treatment method has become integral in successfully using activated carbon for the 
purpose of treating dye wastewater.  
For example, Kalathil et al. was successful in using a two treatment method— granular 
activated carbon microbial fuel cell (GACB-MFC) combining Nafion membrane and 
platinum catalyst for the purpose of treating COD, color, and toxicity. It was determined 
that color was recorded at 73% at the anode and 77% at the cathode, 71% COD at the anode 
and 76% at the cathode, and that toxicity was reduced within the first twenty-four hours of 
the experiment (11). Dong et al. was capable of completely rejecting orange G dye 
wastewater using the combination of ultrafiltration (UF) along with the use of powdered 
activated carbon (PAC), where treatment increased by 2.29% times higher using UF and 
PAC as compared with using UF (12). Zhao et al. found success in removing Acid Orange 
7 when using a treatment system that combined the use of an electrode reactor, developing 
an anode consisting of activated carbon fiber (ACF)/Fe, and an ACF/Ti cathode (13), while 
Li et al. used Fe-doped TiO2 combined with activated carbon has also been used for the 
purpose of treating dye wastewater (14).  
The conventional carbon compounds have been replaced with other forms of activated 
carbon. Derris leaf powder was used to adsorb 93% of the dye Grey BL when the initial 
concentration was 25 mg/L and temperature was 300 K (15). Others have been successful 
using the combination of red mud (RM) along with magnesium chloride to treat dyed as 
well. In fact, it was considered as being as a reliable system as one combining powdered 
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activated carbon and sodium hydroxide (16). Bentonite was proven as a successful 
adsorbent when attempting to treat Acid Red 18 and Acid Yellow 23 (17). However, one 
of the most unique adsorbents used was P. oceanica, a plant within the Mediterreanan Sea 
was capable of adsorbing CI Acid Yellow 59 within 600 minutes at concentrations as high 
as 100 mg/L, having strong retention as powdered activated carbon (PAC) (18).  
Waste from other productions such as fly ash has been a material that has been significant 
in treatment processes. Methylene blue was removed using municipal solid waste 
incineration (MSWI) fly ash as an adsorbent to reduce color, total organic carbon, and 
follow Langmuir isotherm modeling techniques (19). Biomass fly ash was used to treat 
Reactive Black 5, where it was found that optimum pH must range between 8.2 and 10.4, 
while Langmuir best described the treatment process (10). Also, Li et al. identified 
optimum carbonization temperature and time of 300 degrees and 60 min, activation 
temperature and time of 850 degrees Celsius and 40 minutes respectively was capable of 
completely removing methylene blue (MB) by means of sludge-based activated carbon 
(SAC) (121). Wood-shaven bottom ash combined with either water (H2O) or sulfuric acid 
(H2SO4) reported half the adsorption capacity of activated carbon when treating synthetic 
Red Reactive 141 wastewater (12). 
2.4.3 MEMBRANE FILTRATION  
 
Membrane Filtration (UF, MF, NF, RO) is the process of using various techniques to filter 
desired constituents. There are two major types of divisions within the category of 
membrane filtration—sieve filtration and pressure filtration. Sieve filtration can be 
described as the limitation of the average pore size that is capable of removing objects that 
range from as small as suspended solids to as large as other higher molecular weight 
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organic matter such as viruses and other pathogens. The key indicator within the filtration 
process is the diameter of the pore size for which materials can be sieved from the particular 
media, which in this case would be wastewater (13).  
Ultrafiltration is one of three major types of membrane filtration processes. The filtration 
system consists of the solvent flux which is determined by using the quotient of the volume 
and the unit area multiplied by the unit time and solute rejection, or the difference of 1 and 
the ratio of the downstream and upstream concentrations (permeate and feed respectively) 
of the particular entity attempting to be removed. For ultrafiltration, it can be stated that 
the range of pore size is between 0.1 and 0.2 micrometers, while in microfiltration, the 
average range is 0.01 and 0.05 micrometers (14).  
On the contrary, reverse osmosis and nanofiltration or pressure filtration, are processes that 
heavily rely on the use of applying pressure to reverse the natural course of constituents 
within a semi-permeable membrane. In a traditional osmotic situation, constituents 
gravitate towards traveling from high concentration to low concentration. The application 
of a pressure (osmotic pressure), allows for the reverse effect. By doing so, the process of 
materials that naturally desire to gravitate to lower concentration to maintain homeostasis 
is reverted. For nanofiltration and reverse osmosis, the pressures required to achieve this 
state varies based on the concentration and type of constituent attempting to be removed 
(13). 
Reverse osmosis and nanofiltration membrane are that are capable of being made from 
either cellulose acetate or polyamide material. The use of cellulose acetate limits the range 
(specifically the pH) at which the processes can be performed due to the biodegradability 
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of such materials; however, the use of polyamides would allow for a more suited range of 
pH values that do not have the limits at what type of treatment can be performed (23).  
Some of the more considerable equations necessary include the definition of system flux 
and recovery which will be shown within the following equations 8 and 9:  
J = Qp/Am (8) (23)  
Where  
J = flux (gfd)  
Qp = filtrate flow (gpd)  
Am = membrane area (ft2)  
R =Qp/Qf (9) (23)  
R = recovery of the membrane unit (percent)  
Qp = filtrate flow (gpd)  
Qf = feed flow (gpd)  
Within membrane technologies there has been some activity in regards to the success of 
treatment. When it came to removing color from the wastewater, it was observed that color 
removal was greater than 90% (25, 26, 27, 28). When it came to removal of COD, it was 
observed that membrane technologies were capable of ranging removal between 70 and 
80% (25, 60).  
2.4.4 COAGULATION-FLOCCULATION  
 
Antithetical to electrocoagulation is the use of coagulation-flocculation. This method 
involves the use of various coagulants, traditionally alum (aluminum sulfate), ferric 
chloride (FeCl3), or ferrous sulfate (Fe2SO4) which can be very expensive depending on 
the volume of water treated. When applying the coagulant, the coagulant, neutralizing the 
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charge of the particulates, thereby allow them to agglomerate and settle at the bottom of 
the tank. Chemical coagulation/flocculation is concerned with the pH, mixing and time 
(29).  
Within recent studies, it is very difficult to find conventional use of chemical 
coagulation/flocculation techniques as many have resorted towards the use of combining 
treatment methods for better enhanced treatment (30, 31, 32). One of the possible problems 
with using chemical coagulation/flocculation alone is the difficulty of being able to reduce 
solubility enough for components to be able to form flocculants to be removed from the 
wastewater (29).  
Coagulation/flocculation has been combined with almost every type of treatment method 
current available to treat wastewater. Harrelkas et al. was capable of combining with 
activated carbon, specifically powdered activated carbon to drive an 80% color removal 
(33), Hassani et al. applied granular activated carbon (34), electrocoagulation (35), a 
natural coagulant such as chitosan drove 99% color removal (36), where pretreatment 
application of ozone reduced turbidity by 95% (37).  
2.5 LAWS CONCERNING DYE WASTEWATER 
 
2.5.1 CLEAN AIR ACT (1970) 
 
The Clean Air Act (CAA) is the comprehensive federal law that regulates air emissions 
from stationary and mobile sources. Among other things, this law authorizes EPA to 
establish National Ambient Air Quality Standards (NAAQS) to protect public health and 
public welfare and to regulate emissions of hazardous air pollutants. 
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One of the goals of the Act was to set and achieve NAAQS in every state by 1975 in order 
to address the public health and welfare risks posed by certain widespread air pollutants. 
The setting of these pollutant standards was coupled with directing the states to develop 
state implementation plans (SIPs), applicable to appropriate industrial sources in the state, 
in order to achieve these standards. The Act was amended in 1977 and 1990 primarily to 
set new goals (dates) for achieving attainment of NAAQS since many areas of the country 
had failed to meet the deadlines. 
Section 112 of the Clean Air Act addresses emissions of hazardous air pollutants. Prior to 
1990, CAA established a risk-based program under which only a few standards were 
developed. The 1990 Clean Air Act Amendments revised Section 112 to first require 
issuance of technology-based standards for major sources and certain area sources. "Major 
sources" are defined as a stationary source or group of stationary sources that emit or have 
the potential to emit 10 tons per year or more of a hazardous air pollutant or 25 tons per 
year or more of a combination of hazardous air pollutants. An "area source" is any 
stationary source that is not a major source. 
For major sources, Section 112 requires that EPA establish emission standards that require 
the maximum degree of reduction in emissions of hazardous air pollutants. These emission 
standards are commonly referred to as "maximum achievable control technology" or 
"MACT" standards. Eight years after the technology-based MACT standards are issued for 
a source category, EPA is required to review those standards to determine whether any 
residual risk exists for that source category and, if necessary, revise the standards to address 
such risk. 
In 1990, Title III Section 112, known as the Clean Air Act Amendments were designated to 
control Hazardous Air Pollutants. The “National Emission of Hazardous Air Pollutants” had 
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listed a series of Amendments to include a list of 189 hazardous air pollutants (HAPs) that are 
necessary to be reduced within each industry, requiring the monitoring, assessing, reporting, 
and risks along with the potential planning (20). The Amendments played a significant role in 
the dye and textile industry, as many of the raw materials that are present within dyes can be 
found on the list of hazardous air pollutants (21). Specifically, the EPA created legislation for 
the textile processing industry. Known as Maximum Achievable Control Technology 
Standards (MACTS), the EPA required a control of hazardous air pollutants from textile 
processing plants having produced either 10 tons/yr or 25 tons/yr (22). 
2.5.2 CLEAN WATER ACT  
 
The Clean Water Act (CWA) establishes the basic structure for regulating discharges of 
pollutants into the waters of the United States and regulating quality standards for surface 
waters. The basis of the CWA was enacted in 1948 and was called the Federal Water 
Pollution Control Act, but the Act was significantly reorganized and expanded in 1972. 
"Clean Water Act" became the Act's common name with amendments in 1972. 
Under the CWA, EPA has implemented pollution control programs such as setting 
wastewater standards for industry. We have also set water quality standards for all 
contaminants in surface waters. 
The CWA made it unlawful to discharge any pollutant from a point source into navigable 
waters, unless a permit was obtained. EPA's National Pollutant Discharge Elimination 
System (NPDES) permit program controls discharges. Point sources are discrete 
conveyances such as pipes or man-made ditches. Individual homes that are connected to a 
municipal system, use a septic system, or do not have a surface discharge do not need an 
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NPDES permit; however, industrial, municipal, and other facilities must obtain permits if 
their discharges go directly to surface waters. 
2.5.3 RCRA (1976) 
 
The handling of solid and hazardous waste from the textile industry relies on the Resource 
Conservation and Recovery Act (RCRA) of 1976 which coined the phrase of “cradle to 
grave,” as it deemed responsibility over the life cycle in the production of hazardous waste 
through its generation and production to its handling towards a final location following 
use. This was followed by 1984’s Hazardous and Solid Waste Amendments (HSWA) 
which included legislation concerning underground storage tanks. The requirements within 
these two major pieces of legislation included several requirements: for example, 40 CFR 
Part 262 put in place requirements for the generation of hazardous waste; 40 CFR Part 261 
provided the proper terminology of hazardous and solid wastes, while 40 CFR Part 280 
detailed the design of petroleum and hazardous waste underground storage tanks (10).  
RCRA and HSWA certainly were significant for the textile industry as previous stated, 
many of the constituents found with dye and pigments are necessary for the purpose of 
treating and handling waste developed from this industry. In fact, this past July the EPA 
has celebrated twelve years of legislation that recently highlighted the disposal of 
hazardous waste on land. These particular amendments were followed as a part of RCRA 
which highlighted three wastes as being hazardous whenever generated. These wastes—
azo, anthraquinone, triarylmethane, dyes, pigments, and Food and Drug and Cosmetic 
(FD&C) colorants, sludges from triaylmethane dyes/pigments, and wastewater treatment 
sludge of anthraquinone dyes and pigments. These three waste types have been identified 
damaging to human health and the environment (24,25).  
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Textile dye facilities are regulated under Section 313, Title III of the Superfund 
Amendments and Reauthorization Act of 1986 (SARA), where it required started in 1987, 
a specific reporting of any chemical processing greater than 75,000 lbs, in 1988 and 1989 
to the present reduce by 25,000 lbs each year to a minimum reporting requirement of 
25,000 lbs of waste. This is required for all facilities that produce dyes 
2.5.4 EPCRA (1986)  
 
In 1986, the Environmental Protection Agency passed the Emergency Planning and 
Community Right-to-Know Act. This form of legislation resonates well with the textile 
and dye industry, specifically Section 313. This particular sanction requires manufacturing 
companies to publically release annual documentation on all chemical releases whether 
through annual activity or by accident. This was placed in conjunction with the Toxic 
Chemical Release Inventory rule into the Federal Registrar by February 1988. This 
legislation requires reporting under specific sanctions of manufacturing, using, or possess 
any chemicals conducting and operating with 10 or more full-time employees within a 
given threshold as stated in the Superfund Amendments of 1987 (SARA). The EPA 
provides a list of procedures for reporting and names for each chemical based on name and 
chemical abstract service (CAS) number (27). 
2.5.5 POLLUTION PREVENTION ACT (1990)  
 
An alternative measure in proper removal of waste would be in pollution prevention. This 
was stirred by the Pollution Prevention Act of 1990 which legalized a standard for 
controlling waste generation. The EPA has provided a valuable series of case studies that 
were compiled in a publication known as “Best Management Practices for Pollution 
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Prevention in Textile Industry.” A more recent adaptation of this publication, “Profile of 
the Textiles” was developed in September of 1997 included many of the entities from this 
previous publication. The 1997 document lists several practices that a textile manufacturer 
can do to reduce pollution. These have been consolidated into 11 practices (10,11):  
1. Textile facilities should find methods of purchasing or receiving materials for waste can 
that do not increase pollution.  
2. Prescreen materials that have been purchased for various factors such as environmental 
impacts, handling procedures, and emergency situations.  
3. Purchase materials that come from reusable packages that can be resent to the merchant.  
4. Waste reduction can be successful by choosing chemicals that reduce the amount of 
pollution and also the constituent waste.  
5. Provide alternative methods outside of using chemical treatment.  
6. Optimize and combine textile operation and processes.  
7. Reuse dye and rinse baths.  
8. Use automatic equipment that can be properly adheres to proper dye handling.  
9. Use washers and ranges that consume less energy and water.  
10. Have proper cleaning and housekeeping practices.  
11. Provide training for workers.
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CHAPTER III  
COAGULATION LITERATURE REVIEW  
 
3.1 DEFINITION OF COAGULATION 
 
Coagulation is a process that neutralizes (destabilization) the electrical charges of particles 
in the wastewater and then forms a gelatinous mass to trap (or bridge) the particles, thus 
forming masses of sufficient size to settle out of the wastewater flow or become trapped 
by a filter. 
Coagulation of wastewater may be accomplished with any of the common water coagulants 
including lime, iron and aluminum salts, and synthetic polymers. The choice is based on 
suitability for a particular waste, availability and cost of the coagulant, and sludge treatment 
and disposal considerations. For example, iron is sometimes available at no cost as a waste 
product in the form of pickling liquor, and its presence in sludge presents no particular 
problems for anaerobic digestion. Lime generally provides good clarification, a rapidly 
settling sludge, and permits the use of a simple method of recovery that also insures 
destruction of most sewage solids in the resulting sludge. 
Water is extensively used by process industries, but its consumption is not always 
formulated in a rational way. Due to the growing demand of water by population and 
31 
 
industries, it is necessary to take into account the emerging problem of water supply. The 
industrialization and modification of manufacturing processes have resulted in an increase 
in the volume of wastewater discharge into the environment which causes water pollution 
It is estimated that over 80 % of the wastewater generated across the world are not presently 
collected or treated. Water pollution by organic and inorganic compounds is of great public 
concern (2). Wastewater organic matter is highly heterogeneous, containing molecules of 
various molecular weights, ranging from the simple compounds like acetic acid, to very 
complex polymers.  
3.2 COAGULANTS  
 
The commonly used metal coagulants fall into two general categories: those based on 
aluminum and those based on iron. The aluminum coagulants include aluminum sulfate, 
aluminum chloride and sodium aluminate. The iron coagulants include ferric sulfate, 
ferrous sulfate, ferric chloride and ferric chloride sulfate. Other chemicals used as 
coagulants include hydrated lime and magnesium carbonate. 
 
The effectiveness of aluminum and iron coagulants arises principally from their ability to 
form multi-charged polynuclear complexes with enhanced adsorption characteristics. (4) 
The nature of the complexes formed may be controlled by the pH of the system. 
When metal coagulants are added to water the metal ions (Al and Fe) hydrolyze rapidly 
but in a somewhat uncontrolled manner, forming a series of metal hydrolysis species. 
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The efficiency of rapid mixing, the pH, and the coagulant dosage determine which 
hydrolysis species is effective for treatment. 
 
There has been considerable development of pre-hydrolyzed inorganic coagulants, based 
on both aluminum and iron to produce the correct hydrolysis species regardless of the 
process conditions during treatment. (3) These include aluminum chlorohydrate, 
polyaluminum chloride, polyaluminum sulfate chloride, polyaluminum silicate chloride 
and forms of polyaluminum chloride with organic polymers. Iron forms include polyferric 
sulfate and ferric salts with polymers. There are also polymerized aluminum-iron blends. 
 
The principal advantages of pre-polymerized inorganic coagulants are that they are able to 
function efficiently over wide ranges of pH and raw water temperatures. They are less 
sensitive to low water temperatures; lower dosages are required to achieve water treatment 
goals; less chemical residuals are produced; and lower chloride or sulfate residuals are 
produced, resulting in lower final water TDS. They also produce lower metal residuals. 
 
Pre-polymerized inorganic coagulants are prepared with varying basicity ratios, base 
concentrations, and base addition rates, initial metal concentrations, ageing time, and 
ageing temperature. Because of the highly specific nature of these products, the best 
formulation for a particular water is case specific, and needs to be determined by jar testing. 
For example, in some applications alum may outperform some of the polyaluminum 
chloride formulations1. 
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3.3 CLASSIFICATION OF DYES  
 
A wide variety of chemicals exist for use in clearing raw water of suspended solids in 
coagulation/coagulation processes. It is known that the effectiveness of these coagulants 
has a complex dependency on the nature of the raw water, being affected by such things as 
temperature, pH, and especially the specific proportions of organic, inorganic, and 
biological particles that constitute the suspended solids. Furthermore, it is typically found 
that combinations of coagulants can be used to achieve much higher performance and 
process efficiency, but this performance again depends on the complex nature of the water 
source.(5) 
 
Because of this complexity, no systematic criteria can be applied across all drinking water 
treatment facilities, so coagulant selection must be addressed by each facility according to 
its own circumstances. Jar testing has been the standard approach, enabling facilities to 
identify coagulants (or coagulant combinations) which achieve a water quality that is 
adequate for today's standards and doing so with acceptable process economy. 
 
However, recent advances in analytical instrumentation has led to the ability to 
systematically determine optimal coagulant dosage, selection, and proportions, leading to 
significant advances in coagulation/coagulation performance and economy. The Innosol 
instrumentation can determine specific amounts of inorganic, organic, and biological 
suspended solids, to identify optimal coagulant dosage, selection, and proportions, while 
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quantifiably determining cost-saving and performance-enhancing opportunities given a 
facilities current chemical and equipment scenario. 
In addition, significant performance and economic improvements can be achieved by 
periodically altering coagulant usage in response to daily (and seasonal) fluctuations. (6) 
However, such adjustments are only recently possible given the in-situ, real-time analysis 
provided by the Innosol instrumentation. 
 
Coagulant chemicals come in two main types - primary coagulants and coagulant 
aids.  Primary coagulants neutralize the electrical charges of particles in the water which 
causes the particles to clump together.  Coagulant aids add density to slow-settling flocs 
and add toughness to the flocs so that they will not break up during the mixing and settling 
processes.  
 
Primary coagulants are always used in the coagulation/coagulation process.  Coagulant 
aids, in contrast, are not always required and are generally used to reduce coagulation time.  
 
Chemically, coagulant chemicals are either metallic salts (such as alum) or 
polymers.  Polymers are man-made organic compounds made up of a long chain of smaller 
molecules.  Polymers can be either cationic (positively charged), anionic (negatively 
charged), or nonionic (neutrally charged.)  The table below shows many of the common 
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coagulant chemicals and lists whether they are used as primary coagulants or as coagulant 
aids. 
 
Different sources of water need different coagulants, but the most commonly used are 
alum and ferric sulfate 
3.3.1ALUM 
 
There are a variety of primary coagulants which can be used in a water treatment plant.  One 
of the earliest, and still the most extensively used, is aluminum sulfate, also known as 
alum.  Alum can be bought in liquid form with a concentration of 8.3%, or in dry form with 
a concentration of 17%. (7) When alum is added to water, it reacts with the water and 
results in positively charged ions. 
3.4 COAGULANT AIDS  
 
In addition, various additives can be used to aid in the coagulation and coagulation process. These 
may accelerate the coagulation process or strengthen the floc to make it easier to filter. Coagulant 
aids can be roughly broken into two classes based on their mechanism of action. Some coagulant 
aids, generally the synthetic polymers, bind to particles much like coagulants themselves. Others, 
generally the inorganic and also natural polymers, act as sites of nucleation to speed the formation 
of floc. Nucleating agents typically also increase the density of floc, and so speed settling. In the 
case of synthetic polymer coagulant aids there is a blurring between coagulant proper and coagulant 
aid. The distinction is that synthetic polymer coagulant aids are added mainly for how they improve 
sludge properties (density, strenth, floc-size), easing separation and speeding coagulation, and that 
they may not be efficient when used alone as primary coagulants. 
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Nearly all coagulant aids are very expensive, so care must be taken to use the proper amount of 
these chemicals.  In many cases, coagulant aids are not required during the normal operation of the 
treatment plant, but are used during emergency treatment of water which has not been adequately 
treated in the coagulation and sedimentation basin.  A couple of coagulant aids will be considered 
below.  
 
Lime is a coagulant aid used to increase the alkalinity of the water.  The increase in alkalinity results 
in an increase in ions (electrically charged particles) in the water, some of which are positively 
charged.  These positively charged particles attract the colloidal particles in the water, forming floc. 
 
Bentonite is a type of clay used as a weighting agent in water high in color and low in turbidity and 
mineral content.  This type of water usually would not form floc large enough to settle out of the 
water.  The bentonite joins with the small floc, making the floc heavier and thus making it settle 
more quickly 
3.5 MECHANISM OF COAGULATION  
 
3.5.1 STABILITY OF COLLOIDAL SUSPENSION  
 
The attractive force between particles, known as Van der Waal force exit in case of 
colloidal particles in suspension. But the electrostatic repulsion of surface charges opposes 
the particles to come closer and form agglomerates. The principal mechanism controlling 
the stability of both hydrophobic and hydrophilic particles is the electrostatic repulsion 
(14). Hydrophobic surfaces may acquire an excess of anions or cations at the interface 
producing an electrical barrier that can repulse particulates of similar surface potential. 
Hydrophillic particles acquire surface charge from dissociation of inorganic groups 
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(carboxylic or other organic acid groups) located on the particle surface or interface. 
Besides electrical repulsion, a suspension may be stable due to the presence of adsorbed 
water molecules that provide a physical liquid barrier preventing particulates from making 
collisions and destabilisation. Particles may acquire surface charges due to unequal 
distribution of constituent ions on the particle surface, preferential adsorption of specific 
ions, ionisation of surface groups, crystal imperfection, or any combination of these. 
3.5.2 ELECTRICAL DOUBLE LAYER  
 
Oppositely charged ions in an electrolytic solution are attracted to the surface of a charged 
particle and can either be closely associated with the surface or distributed some way into 
the solution5. Thus the two opposite forces, electrostatic attraction and ionic diffusion, 
produce a diffuse cloud of ions surrounding the particulate, which can extend up to 300 
nm. This co-existence of original charged surface and the neutralizing excess of counter-
ions over co-ions distributed in a diffused manner are known as the electrical double layer 
(19). Fig.1 gives a schematic diagram showing the nature of electrical forces around a 
colloidal particle in bulk solution and the various electrical potentials thus developed in the 
double layer. The double layer consists of two major regions, an inner layer (called Stern 
layer) where the initial layer of adsorbed ions and molecules are located at the particle 
surface; and the outer layer (called Gouy-Chapman layer) of oppositely charged counter-
ions. The stability of colloidal suspension is greatly influenced by the potential of the Stern 
layer. Though this potential cannot be measured directly, it is approximated to the zeta 
potential representing the electrical potential between the shear plane and the bulk solution 
(20). If the kinetic energy of the particle is larger enough to surmount the potential hump 
created between them by way of double layer formation, the particles would coalesce 
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otherwise they would remain as a stable suspension. This theory is popularly known as 
DLVO theory.(21) 
3.5.3 ZETA POTENTIAL  
 
A charged particle dispersed in an ionic medium tends to have a concentration of opposite ions 
attracted towards it. For example, a negatively charged particle collects a number of positive 
counter-ions. As one move further away from the particle, concentration of counter-ions decreases 
due to diffusion until ionic equilibrium is reached. A plot of the charge contributed by these ions 
versus distance from the particle surface reveals the familiar exponential decay. Now, if the 
particles were imagined to be moving, it would tend to drag its counterions along with it while 
leaving behind the ions that are further away from its surface. This would set up a plane of shear – 
the potential difference at which is called the zeta potential (z). 
3.5.3.1 PRINCIPLE OF MEASURMENT  
 
Zeta potential is measured10 using the technique of micro-electrophoresis, which was 
invented by Ware and Flygare and independently by Uzgiris in the early 1970s. Zeta 
potential was calculated using Smouluchowski equation as early as 1903. (25) The 
sample to be measured is dispersed in suitable liquid phase and placed in the path of a 
beam of laser light. A pair of electrodes is introduced into the sample. Charged particles 
in the sample will move under the influence of an electric field applied across the 
electrodes. The direction of the motion indicates the sign of the charge on the particles: 
negatively charged particles will gravitate towards the positive electrode and vice versa. 
39 
 
Thevelocity of particles, per unit electric field, can be measured and is called the 
electrophoretic mobility (u). Thus, 
 
u = v / E  
 
Where v is the particle velocity and E is applied field strength. The equation used for 
converting the observed mobilities into effective electrokinetic potential depends upon 
the value of dimensionless quantity ‘ka’ in which ‘a’ is the radius of the particle 
(assumed spherical) and ‘k’ is the quantity given by (29) 
𝑘 =
4𝜋Σ𝑛𝑍2
𝜀𝐾𝑇
 
Where, e = Electronic charge, 
e = Electrical permittivity of the solvent 
K = Boltzmann constant 
T = Absolute temperature. 
 
From the expression given, k = 1 ´ 106 cm at 25oC in water (e/eo = 78) containing 1 mM 
of 
1:1 electrolyte. Values of ‘k’ at other concentration follow by simple proportion. If ‘ka’ > 
200 it will be usually sufficiently accurate to use the Smoluchowski formula which in the 
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original unrationalised form is u = ez/4ph, where e is the permittivity of the suspending 
medium and h is the viscosity. (32) 
 
Typical units would be to have u in micron per second under one volt per cm, in which 
case for water at 25oC, zeta potential in mV would be given by 
z = 12.83 u (2.3) 
 
3.5.3.2 SIGNIFICANCE 
 
The zeta potential is best seen as the potential at the surface of the ‘electrokinetic unit’ 
moving through the solution. This will not be the mean ‘wall potential’, often called Wo, 
but can be taken as the mean potential at the ‘outer Stern plate’ (OSP). The OSP is seen as 
removed from the surface by one hydrated radius of the principal counter-ions (0.2 to 0.5 
nm). The electrokinetic entity may well include ions specifically adsorbed from the 
solutions and this will be reflected in the value of zeta potential. Certainly the double layer 
on the solution side of zeta potential will be purely diffused so that zeta potential is the 
relevant potential for all the effects that depend on diffuse layer effects (e.g., inter plate 
repulsion). Calculation of particle charge from zeta potential is also possible. (35) 
 
 
3.5.4 ZETA POTENTIAL AND SUSPENSION ABILITY  
 
Knowledge of zeta potential can be used to predict and control the stability of colloidal 
suspensions or emulsions. Greater the zeta potential, more likely the suspension is to 
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remain in stable form. Zeta potential is very much dependent on the pH of the suspension. 
A plot of zeta potential vs pH is called an iso-electric curve. The pH for which zeta potential 
is zero, is called the ‘iso-electric point’ or ‘point of zero charge’ (PZC). 
 
It has been already pointed out that if the particle surface charge is strong, it results in 
significant mutual repulsion prohibiting the particles to come closer. If the charge on these 
particles is reduced to zero, these repulsion forces are eliminated. Gentle mechanical 
agitation will then create numerous particle collisions instead of ‘near misses’. The forces 
of adhesion, cohesion, and mechanical interlocking by ‘polymer bridging’ will result in 
agglomeration. (35) 
 
Turbidity (representing suspended particulate matters) consists of two distinct fractions: a 
coarse fraction (1 mm to 1 mm) and a colloid fraction (1 mm to 10oA). The coarse fraction 
may be successfully removed by conventional coagulation/coagulation treatment, but the 
colloid fraction cannot. As the floc forms during coagulation/coagulation is also of the 
same charge as that of the particles before treatment, a mutual repulsion exists between the 
floc particles and the colloids, and these repelling forces prevent the colloid from making 
permanent contact with the floc, regardless of agitation. Such colloids can effectively be 
removed by lowering the zeta potential of both the floc and colloid to a value of 
approximately zero plus or minus 5 mV12. (37) This can be done by simultaneously 
employing the proper dosage of an inorganic coagulant coupled with an appropriate 
organic polyelectrolyte. The water treatment plant at Waterford, New York, is believed to 
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be the first to demonstrate purification of water based on the principle of continuously 
controlled zeta potential. (39) 
3.5.5 MECHANISM 
 
As discussed earlier, the charge structure surrounding the particles is called the electrical 
double layer, which, for convenience is divided into Stern, and Gouy-Chapman layers. The 
former is the initial layer of adsorbed ions and molecules located at the particle surface. 
The charge presented to the solution at the Stern layer naturally attracts a diffuse layer of 
free ions with a net different opposite charge, i.e., the Gouy-Chapman layer. For particles 
to make contact and aggregate, the potential at the stern layer must be overcome.  
 
Unfortunately, this potential, which is of interest in determining particle stability, cannot 
be measured experimentally. In order to cause the particles of a stable dispersion to 
flocculate, it is necessary to provide enough kinetic energy to particles to overcome the 
potential energy barrier. Alternatively, the barrier can be eliminated by surface-charge 
neutralization. This may be accomplished either by double layer compression (charge 
neutralization mechanism) or adsorption of flocculants onto the particle surface (bridging 
mechanism). 
 
 
3.5.6 CHARGE NEUTRALIZATION AND MECHANISM 
 
Charge neutralization by double layer compression is accomplished when coagulation is 
effective through an increase in solution ionic strength. The expression for the Debye-
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Huckel length, as derived from the Gouy-Chapman model of the electric double layer, is 
given as (42) 
𝐾 = (4 × 10−3𝑒2𝑁𝐼 𝜀𝑘𝑇⁄ )
1
2⁄  
Where, e = electronic charge 
N = Avogadro’s number 
I = Ionic strength 
e = Electrical permittivity of the solvent 
k = Boltzman constant, and 
T = Absolute temperature. 
Since the double layer thickness is approximated by 1/K, increase in ionic strength (I) 
decreases the thickness of the double layer. This compression allows the approach of the 
colloidal particles to where short-range attractive forces predominate over electrostatic 
repulsive forces. In the presence of hydrolyzable metal ions such as Al3+ and Fe3+ or 
polyelectrolytes of opposite charge to colloid surface (see electrostatic patch mechanism), 
the charge is neutralised by adsorption of these species onto the particle surface. An 
important case of this is the coagulation of negative colloidal particles with cationic 
polymers. In fact, in many cases, the action of cationic polymers can be explained in terms 
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of their strong adsorption on negatively charged particles and consequent reduction of 
double layer repulsion, allowing aggregation to occur.(43,44) It may be noted that the most 
effective cationic flocculants are often those of high charge density, with molecular weight 
playing only a minor role. That charge neutralization in fact occurs is reported by 
comparison of zeta-potential measurements with coagulation results, when it is found that 
optimum coagulation occurs at the point of total charge neutralization. For coagulation to 
proceed with pure charge-neutralization mechanism, it is neutral to expect that zeta-
potential will be zero at the point of optimum coagulation. But in practice, the zeta potential 
tends to become negative at optimum coagulation with an increase in molcular weight of 
the polyelectrolyte. This is because increasing molecular weight of flocculant favours 
bridging relative to charge neutralization mechanism. Thus in any system where 
coagulation is affected by the addition of electrolyte or oppositely charged polyelectrolyte, 
it is likely that some degree of charge neutralisation occurs, the extent depending upon the 
system characteristics. 
 
3.6 FACTORS AFFECTING COAGULATION OPERATIONS 
 
3.6.1 EFFECTS OF POLYMER WEIGHT AND MOLECULAR DENSITY 
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The effects of polymer molecular weight on coagulation81-83 is best described in terms of 
bridging and electrostatic patch mechanisms. For systems in which bridging predominates 
irrespective of charge, an increase in molecular weight improves coagulation. At higher 
molecular weight, as the polymer gets adsorbed, it can extend further away from the 
particle surface and is slower to reach equilibrium. This, in turn, increases particle radius 
and collision number and hence coagulation rate. Although anionic charge on polymer can 
impede adsorption onto a negative surface, it serves to promote extension of polymer chain 
through mutual charge repulsion, enhancing its approachability. It has been observed that 
beyond an optimum molecular weight, coagulation efficiency decreases which is attributed 
to steric repulsion between polymer molecules. On the other hand, molecular weight effects 
are less well defined in systems where the electrostatic patch mechanism is rate controlling. 
Optimum flocculant concentration has been found to be independent of molecular weight 
but dependent on ionic strength. Adachi et al.84 observed the rate of initial coagulation of 
a polystyrene latex to be remarkably enhanced by the addition of polyelectrolytes, but the 
extent of this enhancement decreased with an increase in ionic strength. Equally important 
is the configuration of the solvated polymer, particularly in bridging coagulation. 
Molecular effects are more apparent when the polymer has a rod-like character.  
 
 
3.6.2 CONFORMATION OF POLYELCTROLYTE IN SOLUTION 
 
It was observed85 that, in the coagulation of clays by two high molecular weight 
polyacrylamides of different degrees of hydrolysis, the high molecular weight, 30% 
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hydrolyzed polymer performed best. The coagulation diminished beyond an optimum 
concentration, which can be explained by bridging mechanism. The higher molecular 
weight polymers can adsorb in configurations with loops of greater length extending from 
particle surface, increasing collision probability. Particles bridged by 30% hydrolyzed 
polymer perform best because the charge not only affects the particle-polymer interaction 
but also causes an extension of the solvated polymer chain. At 30% hydrolysis, a balance 
is reached between the effects of like charge repulsive forces of the polymer and the particle 
surface and polymer surface configuration as it is influenced by the presence of the charged 
acrylate groups. The concentration effects are due to the need for vacant surface sites on 
which a bridging polymer can adsorb. In a similar study Yu et al.86 have established that 
polymer conformational87 changes have a beneficial effect on the coagulation of alumina. 
3.6.3 EFFECTS OF DOSING AND MIXING CONDITIONS 
 
The degree of coagulation achieved can be markedly affected by dosing and mixing88-90 
conditions. It has been found91 that for high solids concentrations and relatively low 
polymer doses, coagulation occurs rapidly, but the flocs are not stable and can be broken 
at moderate stirring rates. By reducing the rate of stirring shortly after polymer dosing, floc 
size (and settling rate) can be held at plateau levels, without subsequent decline, which, 
however, is difficult to achieve in practice because of the precise control required. It has 
been suggested that92-93 optimum coagulation occurs when half the area of solid is 
covered with polyelectrolytes. At higher concentration the degree of coagulation decreases, 
and the particles may be completely covered by the absorbed polymer layer. Thus 
overdosing can be a serious mistake in that it may create a well-established suspension that 
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is extremely difficult to separate. But, in principle, a substantial degree of coagulation can 
be obtained with much lower polymer dosage than is usually required. Hydrodynamic 
factors94, 95 arising from mechanical agitation play a significant role in flocculant 
adsorption. Vigorous agitation of flocculating suspension causes floc breakage and the 
exposure of fresh surfaces to polymer adsorption thereby increasing adsorption capacity. 
At the same time, however, increased agitation leads to the production of smaller flocs, 
indicating that enhanced adsorption does not compensate for increased floc breakage. In 
fact the general rule seems that, provided adsorption does occur, the actual amount 
adsorbed varies inversely with the extent of coagulation. (46) 
3.6.4 SOLUTION PROPERTIES  
 
3.6.4.1 IONIC STRENGTH 
 
The configuration of polyelectrolytes in solution is significantly affected by ionic strength 
and this effects coagulation. This is indicated by the increased viscosity of a polyelectrolyte 
solution as ionic strength decreases. Similar charges on the polymer chain tend to expand 
the chain as a result of mutual charge repulsion. As ionic strength increases, these charged 
sites are shielded and allow the polymer to fold and assume a smaller hydrodynamic 
volume, as indicated by a decrease in solution viscosity. These effects manifest themselves 
in the coagulation mechanism. In a high solids system to be flocculated by a high molecular 
weight charged polymer, decreasing ionic strength expands the polymer in solution and 
enhances bridging by increasing the effective particle radius. In systems where the 
electrostatic patch mechanism predominates, the effect of ionic strength is less well 
understood. On the other hand, when charge-neutralization mechanism is operative, ionic 
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strength effects will be realized through double layer compression in systems where 
flocculant and surface are oppositely charged. 
3.6.4.2 pH EFFECTS 
 
With inorganic flocculants, the effective species can be a solvated metal ion, which affect 
coagulation through double-layer compression and Schulze-Hardy effects. (49) With 
increase in pH, these species become charged and the mechanism of action changes. When 
the colloids are hydrophilic, e.g. humic acids, pH affects protonation. In presence of 
ionizable acidic or basic groups, colloid surface charge is affected by pH changes. In 
organic polymer coagulation as well, pH can affect polymer activity and the mechanism.  
3.6.4.3 EFFECT OF PARTICLE SIZE 
 
The importance of particle size variation with regard to coagulation has been investigated 
by many researchers. (50) There exists a strong correlation between aggregation of a given 
size and the molecular weight of the flocculant. They have explained the correlation 
between particle size and flocculant molecular weight in terms of floc formation forces 
provided by polymer bridging and floc breaking forces (e.g. turbulence) encountered in an 
agitated system. Its been reported the decreasing settling rate of coal suspensions with 
decreased particle size. This has been attributed to an increase in surface area that increased 
the charge neutralization capacity of the coal surface by the flocculant.(53) 
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CHAPTER IV 
MICROFILTRATION LITERATURE REVIEW  
4.1 DEFINITION OF MICROFILTRATION 
Microfiltration is defined as the filtration of a suspension with colloidal or other fine 
particles having a linear dimension of roughly 0.02 µm to 10 µm. Microfiltration is a 
pressure-driven process in which a membrane is applied to separate particles from an 
aqueous solution. Typical operating pressure for microfiltration is relatively low, lying 
between 0.02 MPa and 0.5 MPa. 
4.2 FILTRATION PROCESS  
Membrane filtration processes can be distinguished by three major characteristics; 
driving force, retentate stream and permeate streams. The microfiltration process is 
pressure driven with suspended particles and water as retentate and dissolved solutes plus 
water as permeate. The use of hydraulic pressure accelerates the separation process by 
increasing the flow rate (flux) of the liquid stream but does not affect the chemical 
composition of the species in the retentate and product streams.  
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A major characteristic that limits the performance of microfiltration or any membrane 
technology is a process known as fouling. Fouling describes the deposition and 
accumulation of feed components such as suspended particles, impermeable dissolved 
solutes or even permeable solutes, on the membrane surface and or within the pores of 
the membrane. Fouling of the membrane during the filtration processes decreases the flux 
and thus overall efficiency of the operation. This is indicated when the pressure drop 
increases to a certain point. It occurs even when operating parameters are constant 
(pressure, flow rate, temperature and concentration) Fouling is mostly irreversible 
although a portion of the fouling layer can be reversed by cleaning for short periods of 
time.( 
4.3 CONFIGURATIONS 
Cross-flow filtration: where the fluid is passed through tangentially with respect to the 
membrane.Part of the feed stream containing the treated liquid is collected below the filter 
while parts of the water are passed through the membrane untreated. Cross flow filtration 
is understood to be a unit operation rather than a process 
 
Dead-end filtration; all of the process fluid flows and all particles larger than the pore sizes 
of the membrane are stopped at its surface. All of the feed water is treated at once subject 
to cake formation. This process is mostly used for batch or semicontinuous filtration of low 
concentrated solutions 
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Screening or typical surface filtration is the term used to describe an operation with a 
membrane whose pores are smaller than the particles to be separated. If the membrane 
pores are larger then the particles can penetrate into the membrane phase. Nevertheless 
they can still be separated from the liquid phase if they interact with the inner membrane 
surface and can finally be adsorbed. In this case the term used is “deep-bed filtration” 
because the filtration effect takes place over the entire membrane phase. 
4.4 DESIGN ELEMENTS  
A few important design and their assessment are discussed below: 
 When treating raw contaminated fluids, hard sharp materials can wear and tear the 
porous cavities in the micro-filter, rendering it ineffective. Liquids must be subjected 
to pre-treatment before passage through the micro-filter.(This may be achieved by a 
variation of macro separation processes such as screening, or granular media filtration. 
 When undertaking cleaning regimes the membrane must not dry out once it has been 
contacted by the process stream. Thorough water rinsing of the membrane modules, 
pipelines, pumps and other unit connections should be carried out until the end water 
appears clean. 
 Microfiltration modules are typically set to operate at pressures of 100 to 400 kPa. 
These pressures allow removal of materials such as sand, slits and clays, and also 
bacteria and protozoa. 
 When the membrane modules are being used for the first time, i.e. during plant start-
up, conditions need to be well devised. Generally a slow-start is required when the feed 
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is introduced into the modules, since even slight perturbations above the critical flux 
will result in irreversible fouling.( 
Like any other membranes Microfiltration membranes are prone to fouling It is therefore 
necessary that regular maintenance be carried out to prolong the life of the membrane 
module. 
 Routine ‘backwashing’, is used to achieve this. Depending on the specific application 
of the membrane, backwashing is carried out in short durations (typically 3 to 180 s) 
and in moderately frequent intervals (5 min to several hours). Turbulent flow 
conditions with Reynolds numbers greater than 2100, ideally between 3000 - 5000 
should be used. This should not however be confused with ‘backflushing’, a more 
rigorous and thorough cleaning technique, commonly practiced in cases of particulate 
and colloidal fouling. 
 When major cleaning is needed to remove entrained particles, a CIP (Clean In Place) 
technique is used. Cleaning agents/detergents, such as sodium hypochlorite, citric acid, 
caustic soda or even special enzymes are typically used for this purpose. The 
concentration of these chemicals is dependent on the type of the membrane (its 
sensitivity to strong chemicals), but also the type of matter (e.g. scaling due to the 
presence of calcium ions) to be removed. 
 
 Another method to increase the lifespan of the membrane may be feasible to design 
two microfiltration membranes in series. The first filter would be used for pre-
treatment of the liquid passing though the membrane, where larger particles and 
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deposits are captured on the cartridge. The second filter would act as an extra “check” 
for particles which are able to pass through the first membrane as well as provide 
screening for particles on the lower spectrum of the range. 
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CHAPTER V 
MATERIALS AND METHODS 
 
5.1 DYES  
 
The following dyes were used in the experiments  
5.1.1 DISPERSE YELLOW 3  
 
C.I.Disperse Yellow 3 Molecular Structure: Single azo class Disperse Yellow 3,Disperse 
Yellow 2GL,Disperse Yellow AG,Disperse Yellow G,Disperse Yellow SE-G,Disperse 
Yellow E-G,Disperse Yellow 2GC Disperse Yellow 3 Molecular Formula: C15H15N3O2 
Molecular Weight: 269.30 Manufacturing Methods: N-(4-aminophenyl) acetamide diazo, 
and to a p-Cresol coupling 
Properties and Applications: Yellow powder soluble in ethanol acetone and benzene in 
strong sulfuric acid for orange diluted for gold Yellow to yellow brown in the thick of 
sodium hydroxide solution for orange for polyester and its blending 
The fabric dyeing can also be used to vinegar fiber dyeing nylon and is fit for printing 
can also use In such and plastic color 
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5.1.2. METHYLENE BLUE  
 
Methylene blue (CI 52015) is a heterocyclic aromatic chemical compound with the 
molecular formula C16H18N3SCl. It has many uses in a range of different fields, such as 
biology and chemistry. At room temperature it appears as a solid, odorless, dark green 
powder that yields a blue solution when dissolved in water. The hydrated form has 3 
molecules of water per molecule of methylene blue.(1) Methylene blue should not be 
confused with methyl blue, another histology stain, new methylene blue, nor with the 
methyl violets often used as pH indicators. 
As an experimental pharmaceutical drug, the International Nonproprietary Name (INN) of 
methylene blue is methylthioninium chloride.(2)(3) 
Methylene blue was first prepared in 1876 by German chemist Heinrich Caro (1834-
1910).(4) It is on the World Health Organization's List of Essential Medicines, a list of the 
most important medication needed in a basic health system 
Methylene blue is a potent cationic dye with maximum absorption of light around 670 nm. 
The specifics of absorption depend on a number of factors, including protonation, 
adsorption to other materials, and metachromasy - the formation of dimers and higher-
order aggregates depending on concentration and other interactions 
 
5.1.3. CONGO RED  
 
Congo red is the sodium salt of 3,3'-((1,1'-biphenyl)-4,4'-diyl)bis(4-aminonaphthalene-1-
sulfonic acid)(formula: C32H22N6Na2O6S2; molecular weight: 696.66 g/mol). It is a 
56 
 
secondary diazo dye. Congo red is water soluble, yielding a red colloidal solution; its 
solubility is better in organic solvents such as ethanol. 
It has a strong, though apparently noncovalent, affinity to cellulose fibers. However, the 
use of Congo red in the cellulose industries (cotton textile, wood pulp, and paper) has long 
been abandoned, primarily because of its toxicity and tendency to run and change color 
when touched by sweaty fingers. 
As suggested by its intense red color, Congo red has important spectrophotometric 
properties. Indeed, its UV-visible absorption spectrum shows a characteristic, intense peak 
around 498 nm in aqueous solution, at low dye concentration. Congo red's molar extinction 
coefficient is about 45000 (l)/(mol).(cm) in these conditions. Aggregation of the dye and 
binding to amyloid fibrils tends to red-shift the absorption spectrum, whereas binding to 
cellulose fibers has the opposite effect. Congo red also shows a fluorescent activity when 
bound to amyloid fibrils, which tends to be used as a sensitive diagnosis tool for 
amyloidosis, instead of the traditional histological birefringence test. 
 
 
 
5.1.4 CRYSTAL VIOLET  
 
Crystal violet or gentian violet (also known as methyl violet 10B, hexamethyl 
pararosaniline chloride, or pyoctanin(e)(2)) is a triarylmethane dye. The dye is used as a 
histological stain and in Gram's method of classifying bacteria. Crystal violet has 
antibacterial, antifungal, and anthelmintic properties and was formerly important as a 
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topical antiseptic. The medical use of the dye has been largely superseded by more modern 
drugs, although it is still listed by the World Health Organization. 
The name "gentian violet" was originally used for a mixture of methyl pararosaniline dyes 
(methyl violet) but is now often considered a synonym for crystal violet. The name refers 
to its colour, being like that of the petals of a gentian flower; it is not made from gentians 
or from violets. 
When dissolved in water the dye has a blue-violet colour with an absorbance maximum at 
590 nm and an extinction coefficient of 87,000 M−1cm−1.(8) The colour of the dye 
depends on the acidity of the solution. At a pH of 1.0 the dye is green with absorption 
maxima at 420 nm and 620 nm while in a strongly acidic solution (pH of −1), the dye is 
yellow with an absorption maximum at 420 nm. 
The different colours are a result of the different charged states of the dye molecule. In the 
yellow form all three nitrogen atoms carry a positive charge, of which two are protonated, 
while the green colour corresponds to a form of the dye with two of the nitrogen atoms 
positively charged. At neutral pH both extra protons are lost to the solution leaving only 
one of the nitrogen atoms positive charged. The pKa's for the loss of the two protons are 
approximately 1.15 and 1.8.(8) 
In alkaline solutions, nucleophilic hydroxyl ions attack the electrophilic central carbon to 
produce the colourless triphenylmethanol or carbinol form of the dye. Some 
triphenylmethanol is also formed under very acid condition when the positive charges on 
the nitrogen atoms lead to an enhancement of the electrophilic character of the central 
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carbon, which allows the nucleophilic attack by water molecules. This effect produces a 
slight fading of the yellow colour. 
5.2 COAGULANTS 
 
The following coagulants were taken to study the color removal using coagulation with 
these dyes  
 ALUMINIUM SULFATE  
 ANHYDROUS FERRIC CHLORIDE 
 FERROUS SULFATE HEPTAHYDRATE 
 
5.3 EQUIPMENT  
1. Weighing machines  
2. Tubidity meter  
3. Shaker, 115 V 60 CV AC  
4. Thermospectrometer, genesis 
5. TOC analyzer 
5.3 METHOD 
 
Batch mode analysis was used with each sample of 50 ml was prepare from diluting the 
dye stock solutions and coagulant stock solutions both in aqueous form to ensure proper 
mixing and no loss of particles of the elements. 
After getting the desired concentrations from the stock solution and preparation of the 
samples the samples were mixed vigorously for 15 mins at 120 rev/min  followed by 90 
mins of slow shaking at 50 rev/min and then allowed to settle overnight  
The supernatant then obtained from these samples was analyzed and readings of 
transmissivity and turbidity were taken  
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5.4 RUN PROTOCOLS 
 
5.4.1 LOW STRENGTH OF DYE  
Run Order  Coagulant 
dose  
Dye 
concentration  
Sugar 
Concentration  
1 0 1 0 
2 0 1 10 
3 0 1 50 
4 0 1 100 
5 20 1 0 
6 20 1 10 
7 20 1 50 
8 20 1 100 
9 40 1 0 
10 40 1 10 
11 40 1 50 
12 40 1 100 
13 60 1 0 
14 60 1 10 
15 60 1 50 
16 60 1 100 
17 80 1 0 
18 80 1 10 
19 80 1 50 
20 80 1 100 
21 100 1 0 
22 100 1 10 
23 100 1 50 
24 100 1 100 
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5.4.2 MEDIUM STRENGTH OF DYE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Run Order  Coagulant 
dose  
Dye 
concentration  
Sugar 
Concentration  
25 0 5 0 
26 0 5 10 
27 0 5 50 
28 0 5 100 
29 20 5 0 
30 20 5 10 
31 20 5 50 
32 20 5 100 
33 40 5 0 
34 40 5 10 
35 40 5 50 
36 40 5 100 
37 60 5 0 
38 60 5 10 
39 60 5 50 
40 60 5 100 
41 80 5 0 
42 80 5 10 
43 80 5 50 
44 80 5 100 
45 100 5 0 
46 100 5 10 
47 100 5 50 
48 100 5 100 
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5.4.3 HIGH STRENGTH DYE  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Run Order  Coagulant 
dose  
Dye 
concentration  
Sugar 
Concentration  
50 0 10 10 
51 0 10 50 
52 0 10 100 
53 20 10 0 
54 20 10 10 
55 20 10 50 
56 20 10 100 
57 40 10 0 
58 40 10 10 
59 40 10 50 
60 40 10 100 
61 60 10 0 
62 60 10 10 
63 60 10 50 
64 60 10 100 
65 80 10 0 
66 80 10 10 
67 80 10 50 
68 80 10 100 
69 100 10 0 
70 100 10 10 
71 100 10 50 
72 100 10 100 
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CHAPTER VI 
RESULTS AND DISCUSSIONS  
 
In this chapter the observations and results have been compared and plotted as a scale of 
behavior and performance of three coagulants with coagulant dosages (0,20,40,60,80,100 
ppm) with dye dosages (1,5,10 ppm) in presence of a dosage of (0,10,50,100 ppm) of 
sugar. Each unit of comparison has been compared with keeping concentrations of dye 
and sugar constant and the results have been tabulated for both stages after coagulation 
and microfiltration and plotted separately. 
Hereafter the dyes and coagulants will be referred as follows:- 
1. Dye 1 = Disperse yellow dye 
2. Dye 2 = Methylene Blue  
3. Dye 3 = Congo Red  
4. Dye 4 = Direct Blue  
5. Dye 5 = Crystal Violet  
6. Coagulant 1  Aluminum Sulfate  
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7. Coagulant 2 Anhydrous Ferric Chloride  
8. Coagulant 3 Ferrous Sulfate Heptahydrate 
6.1 RESULTS 
Dye 1 and sugar dose of 0 ppm  
a. Turbidity  
The observations show values a high of 2.5 and 1.3 ( after the two stages of filtration 
coagulation and microfiltration respectively) for coagulant 1 which are relatively higher 
than the two comparable readings of coagulant 2 and coagulant 3. The mean values being 
more than 1.2 for coagulant 2 , coagulant 3 and 1.75 for coagulant 1 after coagulation. 
After microfiltration the mean value being 0.6, 0.5 and 0.8 respectively  
b. Transmittance  
Of the three coagulants Coagulant 1 reached a high pf 89, Coagulant 2 88and coagulant 3 
of 89. But the mean values of coagulant 1 and 2 being 85 and that of coagulant 3 being 75 
after coagulation. After the microfiltration the highs reached 95, 92 and 96 for the three 
coagulants respectively and a means of 94, 87and 95 
Dye 1 and sugar dose of 10 ppm  
a. Turbidity  
There is a stark difference in observations with highs after coagulation of 4, 17 and 23, 
after microfiltration being 1, 3 and 3.1. The mean values after coagulation being  
b. Transmittance  
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The highest values obtained after Coagulation for Coagulant 1=88, Coagulant 2=89 and 
Coagulant 3=86 and after microfiltration for Coagulant 1=97, Coagulant 2=96 and 
Coagulant 3=95.  
Dye 1 and sugar dose of 50 ppm  
a. Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
b. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 1 and sugar dose of 100 ppm  
a. Turbidity  
The highest values obtained after Coagulation for Coagulant 1=2.9, Coagulant 2=2.8 and 
Coagulant 3=3.2 and after microfiltration for Coagulant 1=1.2, Coagulant 2=0.9 and 
Coagulant 3=0.7.  
b. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=85, Coagulant 2=86 and 
Coagulant 3=87 and after microfiltration for Coagulant 1=97, Coagulant 2=98 and 
Coagulant 3=96. 
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Dye 1 and sugar dose of 0 ppm  
a. Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
b. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 1 and sugar dose of 10 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3.2, Coagulant 2=3.5 and 
Coagulant 3=5.5 and after microfiltration for Coagulant 1=1.2, Coagulant 2=1.9 and 
Coagulant 3=1.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=85, Coagulant 2=85 and 
Coagulant 3=83 and after microfiltration for Coagulant 1=94, Coagulant 2=95 and 
Coagulant 3=96. 
 
Dye 1 and sugar dose of 50 ppm  
a. Turbidity  
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The highest values obtained after Coagulation for Coagulant 1=2.3, Coagulant 2=5.5 and 
Coagulant 3=4.5 and after microfiltration for Coagulant 1=1.1, Coagulant 2=0.7 and 
Coagulant 3=0.9.  
b. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=86, Coagulant 2=88and 
Coagulant 3=87 and after microfiltration for Coagulant 1=97, Coagulant 2=98 and 
Coagulant 3=96. 
 
Dye 1 and sugar dose of 100 ppm  
a. Turbidity  
The highest values obtained after Coagulation for Coagulant 1=15.3, Coagulant 2=12.5 
and Coagulant 3=13.5 and after microfiltration for Coagulant 1=1.21, Coagulant 2=1.9 
and Coagulant 3=1.5.  
b. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
 
Dye 1 and sugar dose of 0 ppm  
a. Turbidity  
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The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
b. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 1 and sugar dose of 10 ppm  
a. Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
b. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 1 and sugar dose of 50 ppm  
a. Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
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b. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 1 and sugar dose of 100 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 1 Results summary and discussion 
Dye 1 showed ample amount of color removal after coagulation as observed from the 
results of the turbidity and transmittance and was further filtered through microfiltration 
showing almost 95-98% of transmittance and exhibiting a color removal percentage of 
nearly 98% 
Dye 2 and sugar dose of 0 ppm  
Turbidity  
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The highest values obtained after Coagulation for Coagulant 1=1.2, Coagulant 2=0.9 and 
Coagulant 3=1.5  and after microfiltration for Coagulant 1=1.3, Coagulant 2=0.9 and 
Coagulant 3=1.3.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=88, Coagulant 2=85 and 
Coagulant 3=84 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 2 and sugar dose of 10 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 2 and sugar dose of 50 ppm  
Turbidity  
Turbidity  
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The highest values obtained after Coagulation for Coagulant 1=2.9, Coagulant 2=2.8 and 
Coagulant 3=3.2 and after microfiltration for Coagulant 1=1.2, Coagulant 2=0.9 and 
Coagulant 3=0.7.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=85, Coagulant 2=86 and 
Coagulant 3=87 and after microfiltration for Coagulant 1=97, Coagulant 2=98 and 
Coagulant 3=96. 
Dye 2 and sugar dose of 100 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 2 and sugar dose of 10 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=2.9, Coagulant 2=2.8 and 
Coagulant 3=3.2 and after microfiltration for Coagulant 1=1.2, Coagulant 2=0.9 and 
Coagulant 3=0.7.  
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Transmittance  
The highest values obtained after Coagulation for Coagulant 1=85, Coagulant 2=86 and 
Coagulant 3=87 and after microfiltration for Coagulant 1=97, Coagulant 2=98 and 
Coagulant 3=96. 
Dye 2 and sugar dose of 50 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 2 and sugar dose of 100 ppm  
Turbidity  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=2.9, Coagulant 2=2.8 and 
Coagulant 3=3.2 and after microfiltration for Coagulant 1=1.2, Coagulant 2=0.9 and 
Coagulant 3=0.7.  
Transmittance  
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The highest values obtained after Coagulation for Coagulant 1=85, Coagulant 2=86 and 
Coagulant 3=87 and after microfiltration for Coagulant 1=97, Coagulant 2=98 and 
Coagulant 3=96. 
Dye 2 and sugar dose of 10 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 2 and sugar dose of 50 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=2.9, Coagulant 2=2.8 and 
Coagulant 3=3.2 and after microfiltration for Coagulant 1=1.2, Coagulant 2=0.9 and 
Coagulant 3=0.7.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=85, Coagulant 2=86 and 
Coagulant 3=87 and after microfiltration for Coagulant 1=97, Coagulant 2=98 and 
Coagulant 3=96. 
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Dye 2 and sugar dose of 100 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant =98. 
Dye 2 summary results and discussions  
Dye 2 was observed to be unaffected by coagulation and showed no settling and hence no 
color removal after coagulation. In the secondary stage almost 90% of color removal was 
achieved. Most of the filtration was due to the microfiltration. 
 
Dye 3 and sugar dose of 0 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
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 Dye 3 and sugar dose of 50 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=1.2, Coagulant 2=0.9 and 
Coagulant 3=1.5  and after microfiltration for Coagulant 1=1.3, Coagulant 2=0.9 and 
Coagulant 3=1.3.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=88, Coagulant 2=85 and 
Coagulant 3=84 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 3 and sugar dose of 100 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 3 and sugar dose of 0 ppm  
Turbidity  
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The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 3 and sugar dose of 10 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=2.9, Coagulant 2=2.8 and 
Coagulant 3=3.2 and after microfiltration for Coagulant 1=1.2, Coagulant 2=0.9 and 
Coagulant 3=0.7.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=85, Coagulant 2=86 and 
Coagulant 3=87 and after microfiltration for Coagulant 1=97, Coagulant 2=98 and 
Coagulant 3=96. 
Dye 3 and sugar dose of 50 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
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Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 3 and sugar dose of 100 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 3 and sugar dose of 0 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=2.9, Coagulant 2=2.8 and 
Coagulant 3=3.2 and after microfiltration for Coagulant 1=1.2, Coagulant 2=0.9 and 
Coagulant 3=0.7.  
Transmittance  
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The highest values obtained after Coagulation for Coagulant 1=85, Coagulant 2=86 and 
Coagulant 3=87 and after microfiltration for Coagulant 1=97, Coagulant 2=98 and 
Coagulant 3=96. 
Dye 3 and sugar dose of 10 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 3 and sugar dose of 50 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
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Dye 3 summary of results and discussions  
Dye 3 showed excellent affinity towards coagulants and had a good amount of settling 
with transmittance values ranging from 96-98% and also achieving a color removal 
percentage of 97%. The turbidity readings did not give a clear picture of the color 
removal. 
Dye 4 and sugar dose of 0 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 4 and sugar dose of 10 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
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The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 4 and sugar dose of 50 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 4 and sugar dose of 100 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=2.9, Coagulant 2=2.8 and 
Coagulant 3=3.2 and after microfiltration for Coagulant 1=1.2, Coagulant 2=0.9 and 
Coagulant 3=0.7.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=85, Coagulant 2=86 and 
Coagulant 3=87 and after microfiltration for Coagulant 1=97, Coagulant 2=98 and 
Coagulant 3=96. 
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Dye 4 and sugar dose of 0 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 4 and sugar dose of 10 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 4 and sugar dose of 50 ppm  
Turbidity  
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The highest values obtained after Coagulation for Coagulant 1=2.3, Coagulant 2=2.5 and 
Coagulant 3=2.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=95, Coagulant 2=97 and 
Coagulant 3=98. 
Dye 4 and sugar dose of 100 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 4 and sugar dose of 0 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
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B. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 4 and sugar dose of 10 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 4 and sugar dose of 50 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
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The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 4 and sugar dose of 100 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 4 summary of results and discussions  
Dye 4 had a bit of resistance towards coagulation but microfiltration was the reason for 
removal of the most of the color in the samples as they achieved a color removal 
percentage close to 94%. The turbidity results were awry and difficult to interpret  
Dye 5 and sugar dose of 0 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=2.9, Coagulant 2=2.8 and 
Coagulant 3=3.2 and after microfiltration for Coagulant 1=1.2, Coagulant 2=0.9 and 
Coagulant 3=0.7.  
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B. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=85, Coagulant 2=86 and 
Coagulant 3=87 and after microfiltration for Coagulant 1=97, Coagulant 2=98 and 
Coagulant 3=96. 
Dye 5 and sugar dose of 10 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
 
Dye 5 and sugar dose of 50 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
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The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 5 and sugar dose of 100 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
 
Dye 5 and sugar dose of 0 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
86 
 
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 5 and sugar dose of 10 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
 
Dye 5 and sugar dose of 50 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
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The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
 
Dye 5 and sugar dose of 100 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 5 and sugar dose of 0 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
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The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
Dye 5 and sugar dose of 10 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=2.3, Coagulant 2=2.5 and 
Coagulant 3=2.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=95, Coagulant 2=97 and 
Coagulant 3=98. 
 
Dye 5 and sugar dose of 50 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=3, Coagulant 2=2.5 and 
Coagulant 3=3.5 and after microfiltration for Coagulant 1=1, Coagulant 2=0.9 and 
Coagulant 3=0.9.  
B. Transmittance  
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The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=96, Coagulant 2=95 and 
Coagulant 3=98. 
 
Dye 5 and sugar dose of 100 ppm  
Turbidity  
The highest values obtained after Coagulation for Coagulant 1=2, Coagulant 2=2.5 and 
Coagulant 3=2.5 and after microfiltration for Coagulant 1=0.9, Coagulant 2=0.9 and 
Coagulant 3=0.8.  
B. Transmittance  
The highest values obtained after Coagulation for Coagulant 1=89, Coagulant 2=86 and 
Coagulant 3=85 and after microfiltration for Coagulant 1=97, Coagulant 2=98 and 
Coagulant 3=95. 
 
Dye 5 summary of results and discussions  
Dye 5 showed a medium affinity towards coagulation with transmittance % going from 
75-89% and after microfiltration achieving a color removal percentage of about 95% 
6.2 COMPARISON OF RUNS  
6.2.1 EFFECT OF TYPE OF COAGULANT  
There were three types of coagulants used Aluminum sulfate, anhydrous ferric chloride 
and ferrous sulfate Heptahydrate. 
90 
 
Aluminum sulfate showed one of the best settling among the three coagulants achieving 
the most removal of suspended solids in the primary stage treatment with the removal of 
turbidity going up to 3-0.9 ppm  
Anhydrous ferric chloride when dissolved produced a brownish tinge to the water and 
hence adding color to the wastewater. Even though there was noticeable settling with this 
coagulant it was significantly less when compared to the other two coagulants. It gave 
lower transmittance results even though there was significant removal. 
Ferrous sulfate Heptahydrate would be the second best coagulant settling and 
transmittance results wise, similar to aluminum sulfate it was good in settling with most 
of the dyes. But comparatively less when compared to aluminum sulfate. 
Despite all the three coagulants showing good coagulant properties. The coagulants 
couldn’t settle in the blue dyes and crystal violet  
6.2.2 EFFECT OF COAGULANT DOSAGE  
The coagulant dosage which were used was 0, 20, 40, 60, 80 and 100 ppm. The 
increasing coagulant dosage showed increased settling for each of dye but in every set of 
runs it was noticed that the coagulant was settling the particles to a certain dosage, 
different for every run, and then the turbidity kept until finally started dropping down 
again. This was observed in many cases and can attributed to the property of electric 
double layer. 
The increment of coagulant dosage did not have any effect on methylene blue, direct blue 
and crystal violet dyes. 
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6.2.3 EFFECT OF TYPE OF DYE  
It was clearly observed that each dye had its own properties and was different from each 
other.  
Disperse yellow dye took longer time to settle, but did show a good settling property and 
was easily and effectively removed in microfiltration.  
Methylene blue and direct blue, these dyes were largely unresponsive to any of the three 
coagulants. They showed very less turbidity values before coagulation and were not 
showing any signs of settling. The microfiltration was very effective and achieved higher 
transmittance values. 
Congo red was the best dye in terms of settling or getting filtered. It showed maximum 
settling to all the three dyes. This dye showed the maximum amount of color percentage 
removal. And showed final transmittance values of about 98% and below 1 NTU.  
Crystal violet even though didn’t show much turbidity it showed scarce settling with all 
the three dyes. It showed good removal in microfiltration. But could only acheive 
transmittance values of around 96% 
6.2.4 EFFECT OF DYE STRENGTH  
There was a significant effect when the dye strength was increased the higher the dye 
strength we could see higher turbidity values and lower transmittance values. The 
increased strength of dye also showed greater extent of settling. And color removal. It 
was observed that at higher dye strength the color removal is more but as the dye 
concentrations keep falling so does color removal percentage. 
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6.2.5 EFFECT OF SUGAR WASTEWATER 
The presence of sugar did show the drop and fall in both transmittance and turbidity 
values. With increasing sugar concentrations some of the runs showed increased color 
removal while others decreased the effectiveness of color removal. There were no 
consistent pattern of results to show for the clear effect of sugar wastewater in the 
samples. 
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CHAPTER VII  
CONCLUSIONS  
 
7.1 CONCLUSION 
  
From the observed results and the comparisons in this study. It can be concluded that the 
combination of coagulation and microfiltration act as a proper primary settling process for 
color removal. They showed excellent results in color removal and turbidity values. These 
processes are highly recommendable as a primary treatment plant at any dye industry. It 
was also seen that all dyes cannot be settled using coagulation as the particles need a charge 
and hence an affinity to form large particles and settle which was the case in many dyes. 
The turbidity readings do not give a clear picture of the color removal and cannot be used 
as a single pole to estimate the color removal. As in many of the cases the turbidity readings 
were very low even though there was significant settling which was noticeable by the naked 
eye. The presence of sugar did show different kind of variations in the readings but they 
were not consistent enough to draw any certain conclusions about its effect on the 
processes. 
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7.2 ENGINEERING SIGNIFICANCE AND APPLICATION 
This  study shows that which type of dye behaves to which treatment in what way it also 
studies the behavior of treatment processes in the presence of sugar wastewater which 
would help us in better designing the systems in case of sugar wastewater and also which 
kind of coagulant to be used and are both stages of treatment required for  each dye, as 
the primary stage of treatment can be avoided for dyes like Methylene blue, direct blue 
and crystal violet. It also gives an overview of optimal dosages of coagulant for particular 
concentration of the dye. 
7.3 RECOMMENDATIONS FOR FUTURE RESEARCH   
This study can be extended to use of coagulant aids and see to improving the settling 
capacity and keeping the use of coagulant to a low decreasing the amount of coagulant 
usage which is a big factor on a large scale. The study can be more detailed with other 
tests like true color units and coagulant jar tests.  The samples that were used were 
laboratory samples. To conclude the results of best dosages the method should be applied 
to the real time effluents sampled from the dye industries and compare their performance.
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Table I: Disperse yellow dye Low Conc.Coagulant 1  
Coagulant 
dose  
Dye 
concentration  
Sugar 
Concentration  
Turbidity  Transmissivity  
   primary secondary primary secondary 
0 1 0 2 0.9 88 93 
20 1 0 2.6 0.8 86 95 
40 1 0 2.5 1.1 85 96 
60 1 0 2.5 0.7 84 96 
80 1 0 2.8 0.7 86 97 
100 1 0 2.8 1.3 89 96 
0 1 10 3 0.8 87 94 
20 1 10 2.5 0.9 89 96 
40 1 10 2.6 0.9 86 94 
60 1 10 2.5 0.9 89 95 
80 1 10 2.7 0.9 85 96 
100 1 10 2.8 0.5 90 98 
0 1 50 3.2 0.6 88 92 
20 1 50 2.8 0.8 88 97 
40 1 50 2.3 0.8 87 95 
60 1 50 2.6 1.0 90 95 
80 1 50 2.6 0.6 84 95 
100 1 50 2.7 0.6 87 93 
0 1 100 3.1 0.7 89 90 
20 1 100 2.2 0.9 87 95 
40 1 100 2.2 0.7 89 96 
60 1 100 2.4 0.0 88 95 
80 1 100 2.5 0.8 88 94 
100 1 100 2.9 0.6 85 96 
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Table II: Disperse yellow medium concentration 
0 5 0 17 1.1 88 96 
20 5 0 11 0.6 85 95 
40 5 0 14 1.3 88 96 
60 5 0 5 0.7 88 95 
80 5 0 3.2 0.8 91 95 
100 5 0 6 0.9 87 96 
0 5 10 16 1.3 88 96 
20 5 10 12 1.3 86 96 
40 5 10 12 0.8 89 95 
60 5 10 4.6 1.1 89 95 
80 5 10 3.1 1.4 85 97 
100 5 10 6.1 0.6 86 94 
0 5 50 18 1.4 86 94 
20 5 50 10 0.9 84 95 
40 5 50 13.6 1.2 90 98 
60 5 50 4.3 1.0 87 95 
80 5 50 3 1.4 84 95 
100 5 50 5.7 1.4 88 96.5 
0 5 100 17 1.4 89 96 
20 5 100 11 1.5 89 96 
40 5 100 13 1.2 91 96 
60 5 100 5.1 0.8 90 94 
80 5 100 3.5 1.1 88 94 
100 5 100 5.9 0.5 89 98 
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Table III: Disperse yellow high Conc 
0 10 0 41 0.9 60 
20 10 0 36 0.8 78 
40 10 0 37 1.3 77 
60 10 0 14.7 0.8 85 
80 10 0 21 0.8 81 
100 10 0 18 1.3 84 
0 10 10 40.8 1.2 61 
20 10 10 36.1 1.0 74 
40 10 10 36.9 1.0 79 
60 10 10 14.2 1.1 86 
80 10 10 20.5 0.7 80 
100 10 10 17.5 0.7 86 
0 10 50 40.9 1.4 62 
20 10 50 35.9 0.8 76 
40 10 50 36.5 1.4 80 
60 10 50 14.1 0.7 84 
80 10 50 19.9 0.5 83 
100 10 50 18.2 0.9 86 
0 10 100 40 1.4 60 
20 10 100 35.5 0.9 78 
40 10 100 36 0.8 83 
60 10 100 14.5 1.0 82 
80 10 100 20 0.9 85 
100 10 100 17 1.1 85 
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Table IV: Disperse yellow Low conc Coagulant 2 
Coagulant 
dose  
Dye 
concentration  
Sugar 
Concentration  
Turbidity  Transmissivity  
   primary secondary primary secondary 
0 1 0 2.2 0.8 88 93 
20 1 0 1.7 0.8 78 93.6 
40 1 0 1.5 0.5 74 88.8 
60 1 0 2.1 1 73 87.6 
80 1 0 1.5 0.9 74 88.8 
100 1 0 1.6 0.6 71 85.2 
0 1 10 2.4 0.7 87 94 
20 1 10 1.6 0.7 73 87.6 
40 1 10 1.3 0.8 73 87.6 
60 1 10 2 0.9 74 88.8 
80 1 10 1.5 0.7 75 90 
100 1 10 1.5 0.8 72 86.4 
0 1 50 2.3 0.6 88 92 
20 1 50 1.4 0.6 72 86.4 
40 1 50 1.4 0.7 74 88.8 
60 1 50 2.1 1.1 75 90 
80 1 50 1.6 0.5 76 91.2 
100 1 50 1.5 0.7 73 87.6 
0 1 100 2.5 0.9 89 90 
20 1 100 1.5 0.5 71 85.2 
40 1 100 1.6 0.6 72 86.4 
60 1 100 1.9 0.8 76 91.2 
80 1 100 1.7 0.9 77 92.4 
100 1 100 1.5 1 74 88.8 
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Table V: Dye 1 medium Concentration Coagulant 2 
0 5 0 17 1.1 88 96 
20 5 0 17 1.7 76 91.2 
40 5 0 15 1.9 77 92.4 
60 5 0 12 1.4 74 88.8 
80 5 0 12 1.7 76 91.2 
100 5 0 11 3 73 87.6 
0 5 10 16 1.3 88 96 
20 5 10 16 1.8 75 90 
40 5 10 14 2 78 93.6 
60 5 10 11 1.5 76 91.2 
80 5 10 11 1.6 75 90 
100 5 10 12 2.8 79 94.8 
0 5 50 18 1.4 86 94 
20 5 50 18 1.5 74 88.8 
40 5 50 16 2.1 75 90 
60 5 50 10 2 75 90 
80 5 50 13 1.5 74 88.8 
100 5 50 12 2.9 78 93.6 
0 5 100 17 1.4 89 96 
20 5 100 15 1.4 79 94.8 
40 5 100 17 2 73 87.6 
60 5 100 9 1.5 71 85.2 
80 5 100 14 2.5 74 88.8 
100 5 100 10 2.5 75 90 
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Table VI: Dye 1 high conc coagulant 2 
0 10 0 41 0.9 60 86 
20 10 0 38 2.2 59 70.8 
40 10 0 33 1.7 59 70.8 
60 10 0 24 1.9 58 69.6 
80 10 0 19 1.9 2 2.4 
100 10 0 21 1.7 56 67.2 
0 10 10 40.8 1.2 61 88 
20 10 10 36 2.1 58 69.6 
40 10 10 32 1.6 53 63.6 
60 10 10 23 1.5 57 68.4 
80 10 10 21 2.1 54 64.8 
100 10 10 23 1.9 54 64.8 
0 10 50 40.9 1.4 62 85 
20 10 50 35 2 57 68.4 
40 10 50 34 1.5 55 66 
60 10 50 21 1.7 5 6 
80 10 50 20 2 59 70.8 
100 10 50 20 2 55 66 
0 10 100 40 1.4 60 84 
20 10 100 37 1.8 56 67.2 
40 10 100 35 1.8 59 70.8 
60 10 100 22 1.8 45 54 
80 10 100 20 2.1 55 66 
100 10 100 22 2.1 54 64.8 
 
 
  
110 
 
Table VII: Dye 1 Low Conc Coagulant 3 
0 1 0 2.4 0.8 88 93 
20 1 0 1.8 0.8 86 94 
40 1 0 1.5 0.88 85 95 
60 1 0 1.6 0.6 85.4 96 
80 1 0 1.8 0.84 87 98 
100 1 0 1.5 0.92 87.25 96 
0 1 10 2.5 0.7 87 94 
20 1 10 1.9 0.82 89 95 
40 1 10 1.5 0.8 86 95 
60 1 10 1.7 0.9 86 95 
80 1 10 1.7 0.9 85 93 
100 1 10 1.7 0.9 87 94 
0 1 50 2.5 0.6 88 92 
20 1 50 1.7 0.84 88 96 
40 1 50 1.5 0.8 87 95 
60 1 50 1.4 0.8 89 94 
80 1 50 1.6 0.9 87 96 
100 1 50 1.6 1.0 87 96 
0 1 100 2.4 0.9 89 90 
20 1 100 1.6 0.86 87 96 
40 1 100 1.4 0.7 86 97 
60 1 100 1.5 0.8 88 96 
80 1 100 1.5 0.9 87 96 
100 1 100 1.5 1.0 88 95 
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Table VIII: Dye 1 Medium Conc. Coagulant 3 
0 5 0 17 1.1 88 96 
20 5 0 21 1.5 86 95 
40 5 0 19 1.9 89 95 
60 5 0 18 2.3 89 97 
80 5 0 9 2.7 84 94 
100 5 0 19.3 3.1 91 93 
0 5 10 16 1.3 88 95 
20 5 10 21 1.6 84 98 
40 5 10 18 2.0 90 95 
60 5 10 19 2.4 87 95 
80 5 10 8.6 2.8 89 96.5 
100 5 10 19 3.2 88 95 
0 5 50 18 1.4 86 96 
20 5 50 21 1.7 89 96 
40 5 50 20 2.1 91 94 
60 5 50 19 2.5 89.45455 94 
80 5 50 8.5 2.9 88 98 
100 5 50 19.1 3.2 89 96 
0 5 100 17 1.4 89 96 
20 5 100 20 1.8 88 95 
40 5 100 17 2.2 88 95 
60 5 100 17 2.6 89.67832 96 
80 5 100 19.2 3.0 89 86 
100 5 100 19 3.3 90 94 
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Table IX: Dye 1 High Conc. Coagulant 3 
0 10 0 41 0.9 60 86 
20 10 0 54 3.0 76 95 
40 10 0 41 2.2 81 96.5 
60 10 0 33 2.1 83 85 
80 10 0 44 2.8 77 90 
100 10 0 38 2.4 79 93 
0 10 10 40.8 1.2 61 88 
20 10 10 51 3.1 83 94 
40 10 10 40 2.3 78 98 
60 10 10 31 1.9 77 84 
80 10 10 42 2.8 76 92 
100 10 10 39 2.5 75 92 
0 10 50 40.9 1.4 62 85 
20 10 50 52 3.2 80 96 
40 10 50 40 2.4 82 86 
60 10 50 30 1.8 76 83 
80 10 50 43 2.8 76 91 
100 10 50 37 2.6 82 93 
0 10 100 40 1.4 60 84 
20 10 100 50 3.2 80 94 
40 10 100 40 2.5 76 88 
60 10 100 32 1.6 80 89 
80 10 100 45 2.3 75 92 
100 10 100 36 2.7 79 95 
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Table X: Dye 2 Low Concentration. Coagulant 1 
0 1 0 1.2 0.9 88 97 
20 1 0 0.8 0.8 86 92 
40 1 0 1.1 1.1 87 93 
60 1 0 0.5 0.7 89 92 
80 1 0 1.4 0.7 87 93 
100 1 0 0.9 1.3 86 94 
0 1 10 0.7 0.8 87 94 
20 1 10 0.8 0.9 89 95 
40 1 10 0.9 0.9 88 93 
60 1 10 0.9 0.9 86 93 
80 1 10 0.8 0.9 89 92 
100 1 10 1.3 0.5 87 95 
0 1 50 1.1 0.6 88 92 
20 1 50 1.4 0.8 89 94 
40 1 50 0.6 0.8 87 93 
60 1 50 1.2 1 88 94 
80 1 50 1.0 0.6 89 93 
100 1 50 1.0 0.6 87 94 
0 1 100 1.0 0.7 89 92 
20 1 100 1.4 0.9 86 95 
40 1 100 1.4 0.7 88 92 
60 1 100 1.4 0.6 89 94 
80 1 100 0.8 0.8 86 94 
100 1 100 1.4 0.6 87 92 
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Table XI: Dye 2 Medium Concentration. Coagulant 1 
0 5 0 0.8 1.1 78 93 
20 5 0 0.7 0.6 78 94 
40 5 0 0 1.3 78 94 
60 5 0 0.8 0.7 78 95 
80 5 0 0.6 0.8 82 92 
100 5 0 1.4 0.9 80 92 
0 5 10 0.8 1.3 81 92 
20 5 10 0.7 1.3 80 94 
40 5 10 0.7 0.8 82 94 
60 5 10 1.3 1.1 80 95 
80 5 10 1.1 1.4 79 94 
100 5 10 0.6 0.6 78 93 
0 5 50 1.1 1.4 82 95 
20 5 50 0.9 0.9 81 94 
40 5 50 0.9 1.2 81 93 
60 5 50 0.5 1.0 79 95 
80 5 50 1.3 1.4 81 94 
100 5 50 1.3 1.4 82 94 
0 5 100 0.8 1.4 82 93 
20 5 100 1 1.5 80 94 
40 5 100 0.6 1.2 80 94 
60 5 100 0.6 0.8 81 92 
80 5 100 1.4 1.1 79 95 
100 5 100 0.9 0.5 79 95 
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Table XII: Dye 2 High Concentration. Coagulant 1 
0 10 0 1.5 0.9 68 95 
20 10 0 1.1 0.8 68 92 
40 10 0 1.4 1.3 72 94 
60 10 0 0.6 0.8 70 93 
80 10 0 0.6 0.8 72 93 
100 10 0 1.4 1.1 69 93 
0 10 10 1.3 1.2 68 93 
20 10 10 1.0 1.0 69 93 
40 10 10 1.4 1.0 70 94 
60 10 10 1.4 1.1 68 94 
80 10 10 0.6 0.8 68 94 
100 10 10 1.4 0.9 69 92 
0 10 50 1.2 1.4 74 94 
20 10 50 0.8 0.8 69 94 
40 10 50 1.1 1.4 68 95 
60 10 50 0.5 0.7 72 94 
80 10 50 1.1 1.4 68 95 
100 10 50 0.6 0.6 68 93 
0 10 100 0.7 1.4 73 92 
20 10 100 0.8 0.9 71 93 
40 10 100 0.9 0.8 71 93 
60 10 100 0.9 1.0 70 93 
80 10 100 1.3 1.4 73 92 
100 10 100 1.1 0.8 68 93 
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Table XIII: Dye 2 Low Concentration. Coagulant 2 
0 1 0 0.7 0.6 88 93 
20 1 0 0.8 0.9 85 85 
40 1 0 1.1 0.5 84 86 
60 1 0 0.7 0.5 85 88 
80 1 0 0.7 1.1 86 85 
100 1 0 1.3 0.6 87 87 
0 1 10 0.8 0.7 88 94 
20 1 10 0.9 0.7 84 88 
40 1 10 0.9 0.7 86 86 
60 1 10 0.9 0.7 85 86 
80 1 10 0.9 0.3 85 89 
100 1 10 0.5 0.4 78 86 
0 1 50 0.6 0.6 87 92 
20 1 50 0.8 0.6 86 85 
40 1 50 0.8 0.8 87 87 
60 1 50 1 0.4 86 88 
80 1 50 0.6 0.4 85 89 
100 1 50 0.6 0.5 79 90 
0 1 100 0.7 0.7 86 90 
20 1 100 0.9 0.5 85 87 
40 1 100 0.7 0.7 84 90 
60 1 100 0.9 0.6 87 87 
80 1 100 0.8 0.4 88 86 
100 1 100 0.6 0.9 80 85 
 
  
117 
 
Table XIV: Dye 2 Medium Concentration. Coagulant 2 
0 5 0 1.1 0.4 81 88 
20 5 0 0.6 1.1 80 86 
40 5 0 1.3 0.5 79 85 
60 5 0 0.7 0.6 82.82 88 
80 5 0 0.8 0.7 82 85 
100 5 0 0.9 1.1 82 87 
0 5 10 1.3 1.1 79 85 
20 5 10 1.3 0.6 81 90 
40 5 10 0.8 0.9 78 89 
60 5 10 1.1 1.2 83 87 
80 5 10 1.4 0.4 83 89 
100 5 10 0.6 1.2 83 90 
0 5 50 1.4 0.7 78 87 
20 5 50 0.9 1.0 82 86 
40 5 50 1.2 0.8 77 87 
60 5 50 1.0 1.2 81 86 
80 5 50 1.4 1.2 81 88 
100 5 50 1.4 1.2 84 89 
0 5 100 1.4 1.3 80 90 
20 5 100 1.5 1.0 83 85 
40 5 100 1.2 0.6 81 85 
60 5 100 0.8 0.9 82 90 
80 5 100 1.1 0.3 81 89 
100 5 100 0.5 0.7 80 85 
 
  
118 
 
Table XV: Dye 2 High Concentration. Coagulant 2 
0 10 0 0.9 0.6 70 86 
20 10 0 0.8 1.1 67 71 
40 10 0 1.3 0.6 71 70 
60 10 0 0.8 0.6 75 72 
80 10 0 0.8 0.9 63.6 67 
100 10 0 1.1 1.0 56 74 
0 10 10 1.2 0.8 72 88 
20 10 10 1.0 0.8 66 64 
40 10 10 1.0 0.9 72 68 
60 10 10 1.1 0.6 68 65 
80 10 10 0.8 0.7 65 65 
100 10 10 0.9 1.2 67 67 
0 10 50 1.4 0.6 69 85 
20 10 50 0.8 1.2 70 66 
40 10 50 1.4 0.5 73 68 
60 10 50 0.7 1.2 65 71 
80 10 50 1.4 0.4 66 70 
100 10 50 0.6 1.2 66 73 
0 10 100 1.4 0.7 68 84 
20 10 100 0.9 0.6 70 71 
40 10 100 0.8 0.8 74 54 
60 10 100 1.0 1.2 64 66 
80 10 100 1.4 0.6 69 65 
100 10 100 0.8 0.6 68 65 
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Table XVI: Dye 2 Low Concentration. Coagulant 3 
0 1 0 1.0 0.9 88 96 
20 1 0 0.4 0.8 86 96 
40 1 0 1.3 1.1 85 97 
60 1 0 0.8 0.7 85 94 
80 1 0 0.6 0.7 87 96 
100 1 0 0.7 1.3 87 96 
0 1 10 0.8 0.8 87 95 
20 1 10 0.8 0.9 89 97 
40 1 10 0.7 0.9 86 94 
60 1 10 1.2 0.9 86 93 
80 1 10 1.0 0.9 85 96 
100 1 10 1.3 0.5 87 94 
0 1 50 0.5 0.6 88 95 
20 1 50 1.1 0.8 88 95 
40 1 50 0.9 0.8 87 93 
60 1 50 0.9 1 89 96 
80 1 50 0.9 0.6 87 94 
100 1 50 1.3 0.6 87 93 
0 1 100 1.3 0.7 89 93 
20 1 100 1.3 0.9 87 93 
40 1 100 0.7 0.7 86 97 
60 1 100 1.3 0.8 88 95 
80 1 100 0.7 0.8 87 94 
100 1 100 0.6 0.6 88 95 
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Table XVII: Dye 2 Medium Concentration. Coagulant 3 
0 5 0 -0.1 1.1 88 93 
20 5 0 0.7 0.6 86 97 
40 5 0 0.5 1.3 89 94 
60 5 0 1.3 0.7 89 95 
80 5 0 0.7 0.8 84 96 
100 5 0 0.6 0.9 91 93 
0 5 10 0.6 1.3 88 97 
20 5 10 1.2 1.3 84 97 
40 5 10 1.0 0.8 90 95 
60 5 10 0.5 1.1 87 95 
80 5 10 1.0 1.4 89 94 
100 5 10 0.8 0.6 88 97 
0 5 50 0.8 1.4 86 94 
20 5 50 0.4 0.9 89 97 
40 5 50 1.2 1.2 91 97 
60 5 50 1.2 1.0 89 95 
80 5 50 0.7 1.4 88 95 
100 5 50 0.9 1.4 89 95 
0 5 100 0.5 1.4 89 96 
20 5 100 0.5 1.5 88 95 
40 5 100 1.3 1.2 88 96 
60 5 100 0.8 0.8 90 96 
80 5 100 1.4 1.1 89 93 
100 5 100 1.0 0.5 90 94 
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Table XVIII: Dye 2 High Concentration. Coagulant 3 
0 10 0 1.3 0.9 60 94 
20 10 0 0.5 0.8 76 96 
40 10 0 0.5 1.3 81 95 
60 10 0 1.3 0.8 83 94 
80 10 0 1.2 0.8 77 95 
100 10 0 0.9 1.1 79 96 
0 10 10 1.3 1.2 61 96 
20 10 10 1.3 1.0 83 95 
40 10 10 0.5 1.0 78 97 
60 10 10 1.3 1.1 77 96 
80 10 10 1.1 0.8 76 96 
100 10 10 0.7 0.9 75 95 
0 10 50 1.0 1.4 62 95 
20 10 50 0.4 0.8 80 93 
40 10 50 1.0 1.4 82 97 
60 10 50 0.5 0.7 76 96 
80 10 50 0.6 1.4 76 96 
100 10 50 0.7 0.6 82 97 
0 10 100 0.8 1.4 60 94 
20 10 100 0.8 0.9 80 93 
40 10 100 1.2 0.8 76 96 
60 10 100 1.0 1.0 80 94 
80 10 100 1.1 1.4 75 95 
100 10 100 1.2 0.8 79 94 
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Table XIX: Dye 3 Low Concentration. Coagulant 1 
0 1 0 2.0 0.9 88 93 
20 1 0 1.3 0.8 86 95 
40 1 0 1.3 1.1 85 96 
60 1 0 0.7 0.7 84 96 
80 1 0 1.1 0.7 86 97 
100 1 0 1.2 1.31493178 89 96 
0 1 10 2.0 0.8 87 94 
20 1 10 1.4 0.9 89 96 
40 1 10 1.0 0.9 86 94 
60 1 10 1.3 0.9 89 95 
80 1 10 0.8 0.9 85 96 
100 1 10 1.3 0.54465175 90 98 
0 1 50 1.5 0.6 88 92 
20 1 50 1.1 0.8 88 97 
40 1 50 0.9 0.8 87 95 
60 1 50 1.4 1.0 90 95 
80 1 50 0.9 0.61518753 84 95 
100 1 50 0.8 0.6 87 93 
0 1 100 1.6 0.7 89 90 
20 1 100 1.2 0.9 87 95 
40 1 100 0.8 0.7 89 96 
60 1 100 1.8 0.0 88 95 
80 1 100 1.0 0.77005764 88 94 
100 1 100 0.7 0.6 85 96 
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Table XX: Dye 3 Medium Concentration. Coagulant 1 
0 5 0 0.9 1.1 88 96 
20 5 0 0.9 0.6 85 95 
40 5 0 14.0 1.3 88 96 
60 5 0 5.0 0.70080726 88 95 
80 5 0 3.2 0.8 91 95 
100 5 0 6.0 0.9 87 96 
0 5 10 1.2 1.3 88 96 
20 5 10 0.0 1.3 86 96 
40 5 10 12.0 0.8 89 95 
60 5 10 4.6 1.14719032 89 95 
80 5 10 3.1 1.4 85 97 
100 5 10 6.1 0.6 86 94 
0 5 50 0.6 1.4 86 94 
20 5 50 10.0 0.9 84 95 
40 5 50 13.6 1.2 90 98 
60 5 50 4.3 1.03503142 87 95 
80 5 50 3.0 1.4 84 95 
100 5 50 5.7 1.4 88 965 
0 5 100 0.8 1.4 89 96 
20 5 100 11.0 1.5 89 96 
40 5 100 13.0 1.2 91 96 
60 5 100 5.1 0.84858946 90 94 
80 5 100 3.5 1.1 88 94 
100 5 100 5.9 0.5 89 98 
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Table XXI: Dye 3 High Concentration. Coagulant 1 
0 10 0 41.0 0.9 60 86 
20 10 0 36.0 0.8 78 83 
40 10 0 37.0 1.30686196 77 91 
60 10 0 14.7 0.8 85 93 
80 10 0 21.0 0.8 81 945 
100 10 0 18.0 1.3 84 92 
0 10 10 40.8 1.2 61 88 
20 10 10 36.1 1.0 74 89 
40 10 10 36.9 1.01774433 79 92 
60 10 10 14.2 1.1 86 95 
80 10 10 20.5 0.7 80 936 
100 10 10 17.5 0.7 86 94 
0 10 50 40.9 1.4 62 85 
20 10 50 35.9 0.76891942 76 90 
40 10 50 0+B52:H75 1.4 80 93 
60 10 50 14.1 0.7 84 96 
80 10 50 19.9 0.5 83 94 
100 10 50 18.2 0.9 86 95 
0 10 100 40.0 1.4 60 84 
20 10 100 35.5 0.92113482 78 92 
40 10 100 36.0 0.8 83 92 
60 10 100 14.5 1.0 82 94 
80 10 100 20.0 0.9 85 92 
100 10 100 17.0 1.1 85 96 
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Table XXII: Dye 3 Low Concentration. Coagulant 2 
0 1 0 2.2 0.8 88 93 
20 1 0 1.7 0.8 78 93.6 
40 1 0 1.5 0.5 74 88.8 
60 1 0 2.1 1.0 73 87.6 
80 1 0 1.5 0.9 74 88.8 
100 1 0 1.6 0.6 71 85.2 
0 1 10 2.4 0.7 87 94 
20 1 10 1.6 0.7 73 87.6 
40 1 10 1.3 0.8 73 87.6 
60 1 10 2 0.9 74 88.8 
80 1 10 1.5 0.7 75 90 
100 1 10 1.5 0.8 72 86.4 
0 1 50 2.3 0.6 88 92 
20 1 50 1.4 0.6 72 86.4 
40 1 50 1.4 0.7 74 88.8 
60 1 50 2.1 1.1 75 90 
80 1 50 1.6 0.5 76 91.2 
100 1 50 1.5 0.7 73 87.6 
0 1 100 2.5 0.9 89 90 
20 1 100 1.5 0.5 71 85.2 
40 1 100 1.6 0.6 72 86.4 
60 1 100 1.9 0.8 76 91.2 
80 1 100 1.7 0.9 77 92.4 
100 1 100 1.5 1 74 88.8 
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Table XXIII: Dye 3 Medium Concentration. Coagulant 2 
0 5 0 17 1.1 88 96 
20 5 0 17 1.7 76 91.2 
40 5 0 15 1.9 77 92.4 
60 5 0 12 1.4 74 88.8 
80 5 0 12 1.7 76 91.2 
100 5 0 11 3 73 87.6 
0 5 10 16 1.31304800
7 
88 96 
20 5 10 16 1.8 75 90 
40 5 10 14 2 78 93.6 
60 5 10 11 1.5 76 91.2 
80 5 10 11 1.6 75 90 
100 5 10 12 2.8 79 94.8 
0 5 50 18 1.42458462
3 
86 94 
20 5 50 18 1.5 74 88.8 
40 5 50 16 2.1 75 90 
60 5 50 10 2 75 90 
80 5 50 13 1.5 74 88.8 
100 5 50 12 2.9 78 93.6 
0 5 100 17 1.40479548
4 
89 96 
20 5 100 15 1.4 79 94.8 
40 5 100 17 2 73 87.6 
60 5 100 9 1.5 71 85.2 
80 5 100 14 2.5 74 88.8 
100 5 100 10 2.5 75 90 
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Table XXIV: Dye 3 High Concentration. Coagulant 2 
0 10 0 41 0.9 60 86 
20 10 0 38 2.2 59 70.8 
40 10 0 33 1.7 59 70.8 
60 10 0 24 1.9 58 69.6 
80 10 0 19 1.9 2 2.4 
100 10 0 21 1.7 56 67.2 
0 10 10 40.8 1.20550908
7 
61 88 
20 10 10 36 2.1 58 69.6 
40 10 10 32 1.6 53 63.6 
60 10 10 23 1.5 57 68.4 
80 10 10 21 2.1 54 64.8 
100 10 10 23 1.9 54 64.8 
0 10 50 40.9 1.38711195
4 
62 85 
20 10 50 35 2 57 68.4 
40 10 50 34 1.5 55 66 
60 10 50 21 1.7 5 6 
80 10 50 20 2.0 59 70.8 
100 10 50 20 2 55 66 
0 10 100 40 1.38680983
8 
60 84 
20 10 100 37 1.8 56 67.2 
40 10 100 35 1.8 59 70.8 
60 10 100 22 1.8 45 54 
80 10 100 20 2.1 55 66 
100 10 100 22 2.1 54 64.8 
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Table XXV: Dye 3 Low Concentration. Coagulant 3 
0 1 0 2.4 0.8 88 93 
20 1 0 1.8 0.8 86 94 
40 1 0 1.5 0.9 85 95 
60 1 0 1.6 0.6 85.4 96 
80 1 0 1.8 0.8 87 98 
100 1 0 1.5 0.9 87 96 
0 1 10 2.5 0.7 87 94 
20 1 10 1.9 0.8 89 95 
40 1 10 1.5 0.8 86 95 
60 1 10 1.7 0.9 86 95 
80 1 10 1.7 0.9 85 93 
100 1 10 1.7 0.9 87 94 
0 1 50 2.5 0.6 88 92 
20 1 50 1.7 0.8 88 96 
40 1 50 1.5 0.8 87 95 
60 1 50 1.4 0.8 89 94 
80 1 50 1.6 0.88 87 96 
100 1 50 1.6 1.0 87 96 
0 1 100 2.4 0.9 89 90 
20 1 100 1.6 0.9 87 96 
40 1 100 1.4 0.7 85.7 97 
60 1 100 1.5 0.8 88 96 
80 1 100 1.5 0.9 87 96 
100 1 100 1.5 1.0 88 95 
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Table XXVI: Dye 3 Medium Concentration. Coagulant 3 
0 5 0 17 1.1 88 96 
20 5 0 21 1.53988912
9 
86 95 
40 5 0 19 1.91940394
4 
89 95.0 
60 5 0 18 2.29891875
9 
89 97.0 
80 5 0 9 2.67843357
4 
84 94.0 
100 5 0 19.3 3.05794838
9 
91 93 
0 5 10 16 1.3 88 95 
20 5 10 21 1.63476783
3 
84 98 
40 5 10 18 2.01428264
8 
90 95.0 
60 5 10 19 2.39379746
3 
87 95.0 
80 5 10 8.6 2.77331227
7 
89 965.0 
100 5 10 19 3.15282709
2 
88 95 
0 5 50 18 1.42458462
3 
86 96 
20 5 50 21 1.72964653
7 
89 96.0 
40 5 50 20 2.10916135
1 
91 94.0 
60 5 50 19 2.48867616
6 
89.4545454
5 
94.0 
80 5 50 8.5 2.86819098
1 
88 98.0 
100 5 50 19.1 3.24770579
6 
89 96 
0 5 100 17 1.40479548
4 
89 96 
20 5 100 20 1.82452524 88 95.0 
40 5 100 17 2.20404005
5 
88 95.0 
60 5 100 17 2.58355487 89.6783216
8 
96.0 
80 5 100 19.2 2.96306968
5 
89 86.0 
100 5 100 19 3.3425845 90 94 
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Table XXVII: Dye 3 High Concentration. Coagulant 3 
0 10 0 41 0.92155158
8 
60 86.0 
20 10 0 54 2.96306968
5 
76 95.0 
40 10 0 41 2.20404005
5 
81 965.0 
60 10 0 33 2.09560725
1 
83 85.0 
80 10 0 44 2.77331227
7 
77 90 
100 10 0 38 2.39379746
3 
79 93.0 
0 10 10 40.8 1.20550908
7 
61 88.0 
20 10 10 51 3.05794838
9 
83 94.0 
40 10 10 40 2.29891875
9 
78 98.0 
60 10 10 31 1.94651214
5 
77 84.0 
80 10 10 42 2.77331227
7 
76 92 
100 10 10 39 2.48867616
6 
75 92.0 
0 10 50 40.9 1.38711195
4 
62 85.0 
20 10 50 52 3.15282709
2 
80 96.0 
40 10 50 40 2.39379746
3 
82 86.0 
60 10 50 30 1.79741703
9 
76 83 
80 10 50 43 2.77331227
7 
76 91.0 
100 10 50 37 2.58355487 82 93.0 
0 10 100 40 1.38680983
8 
60 84.0 
20 10 100 50 3.24770579
6 
80 94.0 
40 10 100 40 2.48867616
6 
76 88.0 
60 10 100 32 1.64832193
3 
80 89 
80 10 100 45 2.29891875
9 
75 92.0 
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100 10 100 36 2.67843357
4 
79 95.0 
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Table XXVIII: Dye 4 Low Concentration. Coagulant 1 
0 1 0 0.7 0.9 88 93 
20 1 0 0.7 0.8 86 95 
40 1 0 0.7 1.1 85 96 
60 1 0 1 0.7 84 96 
80 1 0 0.8 0.7 86 97 
100 1 0 0.7 1.3 89 96 
0 1 10 0.8 0.8 87 94 
20 1 10 0.8 0.9 89 96 
40 1 10 0.7 0.9 86 94 
60 1 10 0.9 0.9 89 95 
80 1 10 0.8 0.9 85 96 
100 1 10 0.6 0.5 90 98 
0 1 50 1 0.6 88 92 
20 1 50 0.9 0.8 88 97 
40 1 50 0.9 0.8 87 95 
60 1 50 1 1 90 95 
80 1 50 0.7 0.6 84 95 
100 1 50 0.8 0.6 87 93 
0 1 100 0.8 0.7 89 90 
20 1 100 0.9 0.9 87 95 
40 1 100 0.6 0.7 89 96 
60 1 100 0.8 0 88 95 
80 1 100 0.7 0.8 88 94 
100 1 100 0.9 0.6 85 96 
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Table XXIX: Dye 4 Medium Concentration. Coagulant 1 
0 5 0 0.8 1.1 88 96 
20 5 0 0.9 0.6 85 95 
40 5 0 0.7 1.3 88 96 
60 5 0 0.7 0.7 88 95 
80 5 0 0.8 0.8 91 95 
100 5 0 0.7 0.9 87 96 
0 5 10 1 1.3 88 96 
20 5 10 1 1.3 86 96 
40 5 10 0.8 0.8 89 95 
60 5 10 0.7 1.1 89 95 
80 5 10 1 1.4 85 97 
100 5 10 1 0.6 86 94 
0 5 50 0.6 1.4 86 94 
20 5 50 0.9 0.9 84 95 
40 5 50 0.6 1.2 90 98 
60 5 50 0.6 1.0 87 95 
80 5 50 0.6 1.4 84 95 
100 5 50 0.7 1.4 88 965 
0 5 100 0.9 1.4 89 96 
20 5 100 0.9 1.5 89 96 
40 5 100 0.7 1.2 91 96 
60 5 100 0.7 0.8 90 94 
80 5 100 0.9 1.1 88 94 
100 5 100 1 0.5 89 98 
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Table XXX: Dye 4 High Concentration. Coagulant 1 
0 10 0 0.7 0.9 60 86 
20 10 0 0.7 0.8 78 83 
40 10 0 1 1.3 77 91 
60 10 0 0.6 0.8 85 93 
80 10 0 0.7 0.8 81 945 
100 10 0 0.8 1.3 84 92 
0 10 10 0.8 1.2 61 88 
20 10 10 1 1.0 74 89 
40 10 10 0.7 1.0 79 92 
60 10 10 0.6 1.1 86 95 
80 10 10 0.7 0.7 80 936 
100 10 10 1 0.7 86 94 
0 10 50 0.8 1.4 62 85 
20 10 50 1 0.8 76 90 
40 10 50 0.7 1.4 80 93 
60 10 50 0.6 0.7 84 96 
80 10 50 0.8 0.5 83 94 
100 10 50 0.6 0.9 86 95 
0 10 100 1 1.4 60 84 
20 10 100 0.7 0.9 78 92 
40 10 100 0.6 0.8 83 92 
60 10 100 1 1.0 82 94 
80 10 100 1 0.9 85 92 
100 10 100 0.7 1.1 85 96 
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Table XXXI: Dye 4 Low Concentration. Coagulant 2 
0 1 0 0.8 0.8 88 93 
20 1 0 0.8 0.8 78 93.6 
40 1 0 0.7 0.5 74 88.8 
60 1 0 0.7 1 73 87.6 
80 1 0 1 0.9 74 88.8 
100 1 0 0.6 0.6 71 85.2 
0 1 10 0.8 0.7 87 94 
20 1 10 0.8 0.7 73 87.6 
40 1 10 0.9 0.8 73 87.6 
60 1 10 0.7 0.9 74 88.8 
80 1 10 0.7 0.7 75 90 
100 1 10 0.8 0.8 72 86.4 
0 1 50 0.6 0.6 88 92 
20 1 50 0.6 0.6 72 86.4 
40 1 50 0.8 0.7 74 88.8 
60 1 50 0.9 1.1 75 90 
80 1 50 0.6 0.5 76 91.2 
100 1 50 1 0.7 73 87.6 
0 1 100 0.7 0.9 89 90 
20 1 100 0.7 0.5 71 85.2 
40 1 100 0.9 0.6 72 86.4 
60 1 100 0.7 0.8 76 91.2 
80 1 100 1 0.9 77 92.4 
100 1 100 0.6 1 74 88.8 
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Table XXXII: Dye 4 Medium Concentration. Coagulant 2 
0 5 0 0.9 1.1 88 96 
20 5 0 0.9 1.7 76 91.2 
40 5 0 0.9 1.9 77 92.4 
60 5 0 0.6 1.4 74 88.8 
80 5 0 0.8 1.7 76 91.2 
100 5 0 0.7 3 73 87.6 
0 5 10 1 1.3 88 96 
20 5 10 0.8 1.8 75 90 
40 5 10 0.7 2 78 93.6 
60 5 10 0.9 1.5 76 91.2 
80 5 10 0.9 1.6 75 90 
100 5 10 0.6 2.8 79 94.8 
0 5 50 1 1.4 86 94 
20 5 50 1 1.5 74 88.8 
40 5 50 1 2.1 75 90 
60 5 50 0.6 2 75 90 
80 5 50 0.9 1.5 74 88.8 
100 5 50 0.9 2.9 78 93.6 
0 5 100 0.6 1.4 89 96 
20 5 100 0.9 1.4 79 94.8 
40 5 100 1 2 73 87.6 
60 5 100 0.7 1.5 71 85.2 
80 5 100 1 2.5 74 88.8 
100 5 100 0.6 2.5 75 90 
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Table XXXIII: Dye 4 High Concentration. Coagulant 2 
0 10 0 0.7 0.9 60 86 
20 10 0 0.7 2.2 59 70.8 
40 10 0 1 1.7 59 70.8 
60 10 0 0.6 1.9 58 69.6 
80 10 0 0.7 1.9 2 2.4 
100 10 0 0.6 1.7 56 67.2 
0 10 10 1 1.2 61 88 
20 10 10 0.9 2.1 58 69.6 
40 10 10 0.7 1.6 53 63.6 
60 10 10 0.6 1.5 57 68.4 
80 10 10 0.8 2.1 54 64.8 
100 10 10 1 1.9 54 64.8 
0 10 50 0.6 1.4 62 85 
20 10 50 0.6 2 57 68.4 
40 10 50 1 1.5 55 66 
60 10 50 0.9 1.7 5 6 
80 10 50 0.9 2 59 70.8 
100 10 50 1 2 55 66 
0 10 100 0.9 1.4 60 84 
20 10 100 0.9 1.8 56 67.2 
40 10 100 0.9 1.8 59 70.8 
60 10 100 0.7 1.8 45 54 
80 10 100 0.9 2.1 55 66 
100 10 100 0.6 2.1 54 64.8 
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Table XXXIV: Dye 4 Low Concentration. Coagulant 3 
0 1 0 0.6 0.7 88 
20 1 0 0.7 0.9 86 
40 1 0 0.9 0.8 85 
60 1 0 0.7 0.6 85 
80 1 0 0.8 1 87 
100 1 0 0.9 0.6 87 
0 1 10 0.6 0.7 87 
20 1 10 1 0.6 89 
40 1 10 0.6 0.7 86 
60 1 10 0.6 0.8 86 
80 1 10 0.9 0.6 85 
100 1 10 0.6 0.9 87 
0 1 50 0.8 0.8 88 
20 1 50 0.6 0.9 88 
40 1 50 0.9 0.9 87 
60 1 50 0.6 0.9 89 
80 1 50 0.7 0.8 87 
100 1 50 1 0.7 87 
0 1 100 0.9 0.9 89 
20 1 100 0.8 0.6 87 
40 1 100 0.9 0.9 86 
60 1 100 0.7 0.7 88 
80 1 100 0.8 1 87 
100 1 100 0.7 0.9 88 
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Table XXXV: Dye 4 Medium Concentration. Coagulant 3 
0 5 0 0.7 0.8 88 
20 5 0 1 0.8 86 
40 5 0 1 1 89 
60 5 0 0.7 0.7 89 
80 5 0 0.8 0.8 84 
100 5 0 1 1 91 
0 5 10 0.7 0.9 88 
20 5 10 0.8 0.7 84 
40 5 10 0.8 0.6 90 
60 5 10 0.6 1 87 
80 5 10 0.6 1 89 
100 5 10 0.9 0.9 88 
0 5 50 0.7 0.6 86 
20 5 50 0.7 1 89 
40 5 50 0.8 0.9 91 
60 5 50 1 0.8 89.45454545 
80 5 50 1 0.7 88 
100 5 50 0.7 1 89 
0 5 100 0.6 1 89 
20 5 100 0.8 0.7 88 
40 5 100 0.8 0.9 88 
60 5 100 0.7 0.8 89.67832168 
80 5 100 0.6 0.7 89 
100 5 100 0.9 0.7 90 
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Table XXXVI: Dye 4 High Concentration. Coagulant 3 
0 10 0 0.6 0.9 60 
20 10 0 0.6 0.7 76 
40 10 0 0.7 0.8 81 
60 10 0 0.8 1 83 
80 10 0 1 0.6 77 
100 10 0 0.9 0.8 79 
0 10 10 0.6 0.7 61 
20 10 10 0.8 0.6 83 
40 10 10 1 0.6 78 
60 10 10 0.7 0.9 77 
80 10 10 0.6 0.7 76 
100 10 10 0.7 1 75 
0 10 50 0.9 1 62 
20 10 50 0.9 0.6 80 
40 10 50 1 0.6 82 
60 10 50 0.7 1 76 
80 10 50 0.9 0.8 76 
100 10 50 0.6 0.6 82 
0 10 100 0.7 0.7 60 
20 10 100 0.9 0.7 80 
40 10 100 0.7 0.8 76 
60 10 100 0.8 0.9 80 
80 10 100 0.8 1 75 
100 10 100 0.7 0.9 79 
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Table XXXVII: Dye 5 Low Concentration. Coagulant 1 
0 1 0 0.7 0.8 88 93 
20 1 0 0.8 0.6 86 95 
40 1 0 1.1 1.1 85 96 
60 1 0 0.7 0.7 84 96 
80 1 0 0.7 0.7 86 97 
100 1 0 1.3 1.3 89 96 
0 1 10 0.8 0.7 87 94 
20 1 10 0.9 0.7 89 96 
40 1 10 0.9 0.9 86 94 
60 1 10 0.9 0.9 89 95 
80 1 10 0.9 0.9 85 96 
100 1 10 0.5 0.5 90 98 
0 1 50 0.6 0.6 88 92 
20 1 50 0.8 0.8 88 97 
40 1 50 0.8 0.8 87 95 
60 1 50 1 1 90 95 
80 1 50 0.6 0.6 84 95 
100 1 50 0.6 0.6 87 93 
0 1 100 0.7 0.5 89 90 
20 1 100 0.9 0.9 87 95 
40 1 100 0.7 0.7 89 96 
60 1 100 0 0.9 88 95 
80 1 100 0.8 0.8 88 94 
100 1 100 0.6 0.6 85 96 
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Table XXXVIII: Dye 5 Medium Concentration. Coagulant 1 
0 5 0 1.1 1.1 88 96 
20 5 0 0.6 0.6 85 95 
40 5 0 1.3 1.3 88 96 
60 5 0 0.7 0.7 88 95 
80 5 0 0.8 0.8 91 95 
100 5 0 0.9 0.9 87 96 
0 5 10 1.3 1.3 88 96 
20 5 10 1.3 1.3 86 96 
40 5 10 0.8 0.8 89 95 
60 5 10 1.1 1.1 89 95 
80 5 10 1.4 1.4 85 97 
100 5 10 0.6 0.6 86 94 
0 5 50 1.4 1.4 86 94 
20 5 50 0.9 0.9 84 95 
40 5 50 1.2 1.2 90 98 
60 5 50 1.0 1.0 87 95 
80 5 50 1.4 1.4 84 95 
100 5 50 1.4 1.4 88 98 
0 5 100 1.4 1.4 89 96 
20 5 100 1.5 1.5 89 96 
40 5 100 1.2 1.2 91 96 
60 5 100 0.8 0.8 90 94 
80 5 100 1.1 1.1 88 94 
100 5 100 0.5 0.5 89 98 
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Table XXXIX: Dye 5 High Concentration. Coagulant 1 
0 10 0 0.9 0.9 60 86 
20 10 0 0.8 0.8 78 83 
40 10 0 1.3 1.3 77 91 
60 10 0 0.8 0.8 85 93 
80 10 0 0.8 0.8 81 95 
100 10 0 1.1 1.1 84 92 
0 10 10 1.2 1.2 61 88 
20 10 10 1.0 1.0 74 89 
40 10 10 1.0 1.0 79 92 
60 10 10 1.1 1.1 86 95 
80 10 10 0.8 0.8 80 97 
100 10 10 0.9 0.9 86 94 
0 10 50 1.4 1.4 62 85 
20 10 50 0.8 0.8 76 90 
40 10 50 1.4 1.4 80 93 
60 10 50 0.7 0.7 84 96 
80 10 50 1.4 1.4 83 94 
100 10 50 0.6 0.6 86 95 
0 10 100 1.4 1.4 60 84 
20 10 100 0.9 0.9 78 92 
40 10 100 0.8 0.8 83 92 
60 10 100 1.0 1.0 82 94 
80 10 100 1.4 1.4 85 92 
100 10 100 0.8 0.8 85 96 
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Table XL: Dye 5 Low Concentration. Coagulant 2 
0 1 0 1.1 0.8 88 93 
20 1 0 0.7 0.8 78 88.8 
40 1 0 1.0 0.5 74 92.4 
60 1 0 0.4 1 73 72 
80 1 0 1.3 0.9 74 2.4 
100 1 0 0.8 0.6 71 87.6 
0 1 10 0.6 0.7 87 94 
20 1 10 0.7 0.7 73 85.2 
40 1 10 0.8 0.8 73 88.8 
60 1 10 0.8 0.9 74 70.8 
80 1 10 0.7 0.7 75 67.2 
100 1 10 1.2 0.8 72 88.8 
0 1 50 1.0 0.6 88 92 
20 1 50 1.3 0.6 72 105.6 
40 1 50 0.5 0.7 74 91.2 
60 1 50 1.1 1.1 75 70.8 
80 1 50 0.9 0.5 76 104.4 
100 1 50 0.9 0.7 73 90 
0 1 100 0.9 0.9 89 90 
20 1 100 1.3 0.5 71 91.2 
40 1 100 1.3 0.6 72 87.6 
60 1 100 1.3 0.8 76 69.6 
80 1 100 0.7 0.9 77 87.6 
100 1 100 1.3 1 74 86.4 
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Table XLI: Dye 5 Medium Concentration. Coagulant 2 
0 5 0 0.7 1.1 88 96 
20 5 0 0.6 1.7 76 90 
40 5 0 0.8 1.9 77 63.6 
60 5 0 0.7 1.4 74 105.6 
80 5 0 0.5 1.7 76 91.2 
100 5 0 1.3 3 73 90 
0 5 10 0.7 1.3 88 96 
20 5 10 0.6 1.8 75 94.8 
40 5 10 0.6 2 78 68.4 
60 5 10 1.2 1.5 76 86.4 
80 5 10 1.0 1.6 75 87.6 
100 5 10 0.5 2.8 79 90 
0 5 50 1.0 1.4 86 94 
20 5 50 0.8 1.5 74 73.2 
40 5 50 0.8 2.1 75 64.8 
60 5 50 0.4 2 75 88.8 
80 5 50 1.2 1.5 74 103.2 
100 5 50 1.2 2.9 78 88.8 
0 5 100 0.7 1.4 89 96 
20 5 100 0.9 1.4 79 69.6 
40 5 100 0.5 2 73 64.8 
60 5 100 0.5 1.5 71 90 
80 5 100 1.3 2.5 74 88.8 
100 5 100 0.8 2.5 75 93.6 
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Table XLII: Dye 5 High Concentration. Coagulant 2 
0 10 0 1.4 0.9 60 86 
20 10 0 1.0 2.2 59 70.8 
40 10 0 1.3 1.7 59 86.4 
60 10 0 0.5 1.9 58 106.8 
80 10 0 0.5 1.9 2 88.8 
100 10 0 1.3 1.7 56 70.8 
0 10 10 1.2 1.2 61 88 
20 10 10 0.9 2.1 58 66 
40 10 10 1.3 1.6 53 91.2 
60 10 10 1.3 1.5 57 94.8 
80 10 10 0.5 2.1 54 90 
100 10 10 1.3 1.9 54 54 
0 10 50 1.1 1.4 62 85 
20 10 50 0.7 2 57 106.8 
40 10 50 1.0 1.5 55 92.4 
60 10 50 0.4 1.7 5 87.6 
80 10 50 1.0 2 59 72 
100 10 50 0.5 2 55 66 
0 10 100 0.6 1.4 60 84 
20 10 100 0.7 1.8 56 85.2 
40 10 100 0.8 1.8 59 88.8 
60 10 100 0.8 1.8 45 85.2 
80 10 100 1.2 2.1 55 67.2 
100 10 100 1.0 2.1 54 64.8 
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Table XLIII: Dye 5 Low Concentration. Coagulant 3 
0 1 0 0.9 0.8 88 93 
20 1 0 0.8 0.8 86 94 
40 1 0 1.1 0.88 85 95 
60 1 0 0.7 0.6 85 96 
80 1 0 0.7 0.8 87 98 
100 1 0 1.3 0.9 87 96 
0 1 10 0.8 0.7 87 94 
20 1 10 0.9 0.82 89 95 
40 1 10 0.9 0.8 86 95 
60 1 10 0.9 0.9 86 95 
80 1 10 0.9 0.9 85 93 
100 1 10 0.5 0.9 87 94 
0 1 50 0.6 0.6 88 92 
20 1 50 0.8 0.84 88 96 
40 1 50 0.8 0.8 87 95 
60 1 50 1 0.8 89 94 
80 1 50 0.6 0.9 87 96 
100 1 50 0.6 1.0 87 96 
0 1 100 0.7 0.9 89 90 
20 1 100 0.9 0.86 87 96 
40 1 100 0.7 0.7 86 97 
60 1 100 0 0.8 88 96 
80 1 100 0.8 0.9 87 96 
100 1 100 0.6 1.0 88 95 
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Table XLIV: Dye 5 Medium Concentration. Coagulant 3 
0 5 0 1.1 1.1 88 96 
20 5 0 0.6 1.5 86 95 
40 5 0 1.3 1.9 89 95 
60 5 0 0.7 2.3 89 97 
80 5 0 0.8 2.7 84 94 
100 5 0 0.9 3.1 91 93 
0 5 10 1.3 1.3 88 95 
20 5 10 1.3 1.6 84 98 
40 5 10 0.8 2.0 90 95 
60 5 10 1.1 2.4 87 95 
80 5 10 1.4 2.8 89 96.5 
100 5 10 0.6 3.2 88 95 
0 5 50 1.4 1.4 86 96 
20 5 50 0.9 1.7 89 96 
40 5 50 1.2 2.1 91 94 
60 5 50 1.0 2.5 89.4545454
5 
94 
80 5 50 1.4 2.9 88 98 
100 5 50 1.4 3.2 89 96 
0 5 100 1.4 1.4 89 96 
20 5 100 1.5 1.8 88 95 
40 5 100 1.2 2.2 88 95 
60 5 100 0.8 2.6 89.6783216
8 
96 
80 5 100 1.1 3.0 89 86 
100 5 100 0.5 3.3 90 94 
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Table XLV: Dye 5 High Concentration. Coagulant 3 
0 10 0 0.9 0.9 60 86 
20 10 0 0.8 3.0 76 95 
40 10 0 1.3 2.2 81 96.5 
60 10 0 0.8 2.1 83 85 
80 10 0 0.8 2.8 77 90 
100 10 0 1.1 2.4 79 93 
0 10 10 1.2 1.2 61 88 
20 10 10 1.0 3.1 83 94 
40 10 10 1.0 2.3 78 98 
60 10 10 1.1 1.9 77 84 
80 10 10 0.8 2.8 76 92 
100 10 10 0.9 2.5 75 92 
0 10 50 1.4 1.4 62 85 
20 10 50 0.8 3.2 80 96 
40 10 50 1.4 2.4 82 86 
60 10 50 0.7 1.8 76 83 
80 10 50 1.4 2.8 76 91 
100 10 50 0.6 2.6 82 93 
0 10 100 1.4 1.4 60 84 
20 10 100 0.9 3.2 80 94 
40 10 100 0.8 2.5 76 88 
60 10 100 1.0 1.6 80 89 
80 10 100 1.4 2.3 75 92 
100 10 100 0.8 2.7 79 95 
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1. Turbidity after Coagulation in 0 ppm of sugar and dye 1 of 1 ppm  
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2. Turbidity after microfiltration in 0 ppm of sugar and dye 1 of 1 ppm  
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9. Turbidity after Coagulation in 50 ppm of sugar and dye 1 of 1 ppm  
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268 
 
 
 
117. Turbidity after Coagulation in 10 ppm of sugar and dye 1 of 5 ppm  
269 
 
 
 
118. Transmittance after microfiltration in 10 ppm of sugar and dye 1 of 5 ppm  
270 
 
 
 
119. Turbidity after Coagulation in 10 ppm of sugar and dye 1 of 1 ppm  
271 
 
 
 
120. Transmittance after microfiltration in 10 ppm of sugar and dye 1 of 5 ppm  
272 
 
 
 
121. Turbidity after Coagulation in 50 ppm of sugar and dye 1 of 1 ppm  
273 
 
 
 
122. Transmittance after microfiltration in 50 ppm of sugar and dye 1 of 5 ppm  
274 
 
 
 
123. Turbidity after Coagulation in 50 ppm of sugar and dye 1 of 1 ppm  
275 
 
 
 
124. Transmittance after microfiltration in 50 ppm of sugar and dye 1 of 5 ppm  
276 
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161. Turbidity after Coagulation in 0 ppm of sugar and dye 2 of 5 ppm  
313 
 
 
 
162. Transmittance after microfiltration in 0 ppm of sugar and dye 2 of 5 ppm  
314 
 
 
 
163. Turbidity after Coagulation in 0 ppm of sugar and dye 2 of 5 ppm  
315 
 
 
 
164. Transmittance after microfiltration in 0 ppm of sugar and dye 2 of 5 ppm  
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APPENDIX C -- MATHLAB PROGRAM 
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dye1=xlsread('C:\Users\Saketh\Desktop\Thesis writeup\Run 
protocols1',5); 
lctx=dye1(1:6,2); 
%lcty=(dye1(1:6,7),dye1(1:6,15),dye1(1:6,23)); 
%run=dye1(1,:); 
titleind=0; 
for sc=1:6:72 
    %lctx=dye1(sc:(sc+6)) 
for tp=5:8 
    titleind=titleind+1; 
   
lcty=(dye1(sc:(sc+5),tp),dye1(sc:(sc+5),tp+8),dye1(sc:(sc+5),tp+16)); 
figure 
bar(lctx,lcty) 
title(titleind) 
xlabel('Coagulant Dose') 
if tp==5 
    ylabel('NTU') 
elseif tp==6    
    ylabel('NTU') 
elseif tp==7 
    ylabel('% Transmittance') 
elseif tp==8 
    ylabel('% Transmittance') 
    
end 
end 
end 
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